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CHAPTER I 
INTRODUCTION AND STATEMENT OF THE PROBLEM 
Introduction 
A systematic, quantitative theory of learning re-
quires a groundwork of empirically derived laws describing 
the functional relationships of the relevant variables. 
Since the most simple and fundamental description of a be-
havioral process involves time, it is not surprising that 
problems of the temporal relationship between environmental 
and behavioral events received considerable attention from 
the very onset of the development of a behavioral science. 
One such problem, the relationship between the occurrence 
of an arbitrarily defined response and the presentation of 
the reinforcing stimulus, has generated a continuing series 
of experiments and encouraged the formulation of a variety 
of systematic constructs over the past forty years. In 
light of the conflicting results of these experiments and 
the subsequent proliferation of the theoretical constructs 
to account for these results, the present experiment was de• 
signed to investigate further the problem of delay of rein-
forcement of an instrumental response, with particular at• 
tention to the nature of the behavior of the animal during 
2. 
the delay interval. Previous experiments have led to much 
speculation as to the possible behavioral mechanisms in-
volved during the delay period, but few direct attempts 
have been made to manipulate and measure this behavior. 
Such a direct approach should do much to validate or elimi-
nate some of the contemporary theorizing on the phenomena 
of delay of reinforcement. 
A· Early History of the Problem of Delay of Reinforcement 
Early experiments involving the acquisition of in-
strumental responses under conditions of delay of reinforce-
ment were designed primarily either to determine the maximum 
delay interval at which the organism -- usually the albino 
rat -- could acquire a response, and/or the differential ·ef-
fects wh ich the delay might have on this response. Experi-
ments by Watson,l Hamilton,2 and Wolfe3 demonstrated the 
acquisition of a response with delays of reinforcement up 
to several minutes and, with the exception of Watson's re-
sults, indicated that the gradient of delay of reinforce• 
ment described a negatively accelerated decreasing function 
of the delay interval. However, the steepness and asymptote 
1 . H. B. Watson, The effect of delayed feeding upon 
learning, Psychobiology, 1917, 1, 51-60. 
~. L. Hamilton, The effect of delayed incentive on 
the hunger drive in the white rat, Psycho!. 11onogr., 1929, 
5, 131-207. 
3J. B. Wolfe, The effect of delayed reward upon learn-
ing in the white rat, J. Comp. Psycho!., 1934, 17, 1-21. 
of the gradient diff ered widely in the various experiments. 
It became apparent, as stated by Hu111 and Perin, 2 that 
the steepness and asymptote of the gradient was due in 
large part to the extent to which secondary reinforcing 
stimuli were present at the beginning of and throughout 
the delay interval. Perin, using a removable lever, found 
the asymptote to be somewhere between 10 and 30 seconds, 
which, he concluded, represented the gradient of delay of 
reinforcement with secondary reinforcing stimuli completely 
eliminated. He failed to recognize that "lever removaln 
was a differential cue consistently associated at the end 
of the delay interval with the presentation of the rein-
.i)'orcing stimulus, and thus could function as a secondary 
reinforcer. Experiments by Grice3 and Perkins,4 in which 
the presence of differential secondary reinforcing stimuli 
were even more carefully controlled, indicated that albino 
rats were unable to acquire a visual discrimination under 
conditions where the delay interval exceeded 5 seconds. 
1c. L. Hull, Principles of Behavior (New York: Ap-
pleton-Century-Crofts, 1943), pp. 13S-lb4• 
2c. T. Perin, A quantitative investigation of the 
delay-of-reinforcement gradient, J. Exp. Psych., 1943, 32, 
37-51. . -
3 G. R. Gricet The relationship of secondarr rein-
forcement to delayea. reward in visual discriminatJ.on learn-
ing, J. Exp. Psych., 1948, 38, 1-16. 
4c. c. Perkins, The relatlonship of secondary reward 
to gradients of reinforcement, J. Exp. Psych., 1947, 37 1 
377-392. 
In Principles of Behavior, Hull analyzed the empiri-
cally derived gradient of reinforcement or "goal gradient" 
into components: 1) a primary gradient of reinforcement 
which functioned without benefit of secondary reinforcing 
stimuli, and 2) the contribution of secondary reinforcing 
stimuli during the delay interval which, acting in conjunc-
tion with the primary gradient, produced the more extended 
"goal gradient." From Perin's data Hull concluded that the 
asymptote of the primary gradient was between 10 and 30 
seconds, the goal gradient of course having no theoretical 
limit. 
The results of experiments by Grice and Perkins led 
Spence1 to a revision of~ull's interpretation of delay of 
reinforcement, and he arrived at the conclusion that all 
reinforcement was in fact secondary and immediate. In the 
absence of changes in external stimuli, differential cues 
are provided by assuming that time operates as a stimulus 
and generalization occurs within this dimension. 
The history of the problem of delay of reinforce-
ment thus has been primarily a history of the extension of 
the application of the concept of secondary reinforcement. : 
The initial attez:.tpt to clearly define the concept of second-
ary reinforcement and to relate it to a comprehensive sys-
tern of behavior appears in Hull as follows: 
1 
K. w. Spence, The role of secondary reinforcement 
in delayed reward learning, Psych. Rev., 1947, 54, 1-8. 
Whenever an effector activity occurs in temporal 
centiguity with the afferent impulse, or the 
perseverative trace of such an impulse resulting 
from the impact of a stimulus energy upon a re-
ceptor, and this conjunction is closely associ-
ated in time with the diminution of the receptor 
discharge characteristic of a need, or with a 
stimulus situation which has been closely and 
consistently associated with such a need diminu-
tion, there will result an increment of the 
tende£CY for that stimulus to evoke that reac-
tion. {Italics mine.) 
5. 
This statement prescribes the conditions required to impart 
a stimulus with secondary reinforcing properties. The ex-
periments generated by this statement have centered pri-
marily about the meaning of what constitutes "closely and 
consistently," or in the determination of the effect of 
known parameters of primary reinforcement on the secondary 
reinforcing properties of a stimulus. 
The role of delaz of reinforcement in the empirically de-
rived mathematical systems of Hull and Spence 
In addition to the development of a theoretical 
model capable of accounting for the acquisition of behavior 
under conditions of delay of reinforcement and the introduc-
tion of constructs and mechanisms which would permit such 
learning to occur, Hull was perhaps even more interested in 
determining the relationship of the empirically derived 
parameters of delay of reinforcement to the major interven-
ing variables of his so-called hypothetical deductive system 
of the behavior. In Principles of Behavior, delay of 
1 Hull, Principles of Behavior. 
6. 
reinforcement (t), along with two other variables, 1) stimu-
lus-response asynchronism (t 1 ), and 2) the magnitude of re-
inforcement (w), determined the upper limits of the value of 
sHr. The development of habit strength (sHr) is the result 
of the summation of successive increments as a function of 
the number of reinforced trials (N). Different values of 
(t) and (w) determine the asymptote of sHr, but its growth 
function, exponential in form, is constant. This formula~ 
tion was consistent with, although not a necessary conclu-
sion from, existing empirical data at the time. However, 
no experiments had been conducted involving a shift in the 
value of these variables (t) and (w) during acquisition 
and/or extinction which would supply information as to 
whether they were primarily determiners of sHr or, as in 
the case of drive (D), acted in a multiplicative manner with 
sHr in the determination of the value of another intervening 
variable, reaction potential (sEr). The . rather obvious 
energizing property of drive supports the inference as to 
its multiplicative relationships to sHr, but defining ex-
periments as to this relationship were not available at 
that time. 
At the time of publication of PrinciEle of Behavior, 
1 Crespi published an experiment in which different groups 
of albino rats received different amounts of reinforcement 
1 L. P. Crespi, Quantitative variation of incentive 
and performance, Am. J. Psych., 1942, 55, 462-517. 
during the acquisition of a runway response. The results, 
consistent with those of Grindley, 1 and Wolfe and Kaplon, 2 
indicated that response strength was an increasing nega-
tively accelerated exponential function of the amount of 
reinforcement. At the completion of training, the two 
extreme groups were reversed, the low reward to high reward, 
and vice versa. The sudden shift in performance to higher 
and lower levels of performance respectively was inconsis-
tent with Hull's 1943 formulation, since if amount of rein-
forcement was a parameter of sHr, the change in performance 
3 
should have been much more gradual. This evidence, along 
with the problem of accounting for any downward shift in 
performance following a decrease in the amount of reinforce-
ment if sHr represented a permanent condition, led Hull to 
revise his postulates, and amount of reinforcement (K) and 
delay of reinforcement (J) were considered now to be re-
lated to sHr in a multiplicative manner similar to drive (D) 
in the determination of reaction potential (sEr).4 Stimulus-
response asynchronism was subsumed under the concept of 
stimulus intensity dynamism which combined to some extent 
1 G. C. Grindley, Experiments on the influence of the 
amount of reward on the learning of young chickens, Brit. 
J. of Psychol., 1929, 20, 173-180. 
2J. B. Wolfe and M.D. Kaplon, Effect of amount of re-
ward and consumative activity on learning in chickens, J. 
Comp. Ps¥ch., 1941, 31, 353-361. 
3c. L. Hull, Essentials of Behavior (New Haven: Yale 
University Press, 1951). 
4c. L. Hull, Behavior postulates and corollaries, 
Psych. Rev., 1950, 57, 173-180. 
8. 
in a multiplicative fashion with sHr. The number of rein-
forced trials (N) remained the single direct determiner of 
sHr. 
With the exception of a rather complex two-lever 
discrimination experiment by Logan, 1 it was not until 1956 
that an experiment using a design analogous to that of 
Zeaman2 and of 0respi3 to determine the relationship of 
delay of reinforcement (J) to sEr and sHr was published by 
Harker.4 This experiment, using albino rats, involved a 
lever response followed by either a 1-second or 10-second 
delay of reinforcement. The lever was removed following 
each response. After forty-four such training trials, each 
group was subdivided so that half of the animals (Group lA 
and 2A) continued training under the same delay condition, 
and the other half (Group lB and 2B) shifted to the opposite 
delay. Throughout the experiment, performance was measured 
by the latency of the initial response to the introduction 
of the lever along with light onset. During the initial 
training, Group 1 animals (1-second delay) were signifi-
cantly superior in performance to Group 2{10-seconds delay). 
1 F. A· Logan, The role of delay of reinforcement in 
determining reaction potential, J. Exp. Psych., '~952 1 43, 
393-399. 
2An almost identical experiment by Zeaman validated 
Crespi's results; D. Zearnan, Response latency as a function 
of the amount of reinforcement, J. Exp. Psych., 1949, 39, 
466-483. . 
3crespi, on. cit •• 
4a.. s. Harker, Delay of reward and performance of an 
instrumental response, J. Exp. Psych., 1956, 51, 303-310. 
9. 
Following the shift from 10- to 1-second dealy (Group 2B), 
these animals gradually improved and eventually reached 
the same asymptote as Control Group lA. Group lB, which 
was shifted from 1- to 10-seconds delay, continued to per• 
form at a high level which was at the same asymptote as 
Control Group lA and well above the level of Control Group 
2A. These results are consistent with Hull's original 
formulation in Principles of Behavior. However, this formu-
lation puts Hull in a rather embarrassing position, since a 
shift to an infinitely long delay interval would represent 
the usual condition of experimental extinction, and an 
added control in Harker's experiment which was extinguished 
immediately following training at 1-second delay showed a 
rapid decrement in performance. 
Spence, 1 in reviewing Harker's experiment, notes that 
Harker observed that the animals, including those trained 
at 10-seconds delay, tended to remain in the vicinity of 
the food cup both between trials and during the delay inter-
val. Spence then refers to an experiment by Shilling, 2 in 
which all animals were trained to press a lever with a pro-
cedure similar to that of Harker's, with 1-second delay of 
reinforcement. They were then subdivided into three groups, 
1 K. w. Spence, Behavior Theory and Conditioning 
(New Haven: Yale University Press, 1953). 
2M. Shilling, An experimental investigation of the 
effect of a decrease of delay of reinforcement upon instru-
mental response performance {unpublished Master's disserta-
tion, State University of Iowa, 1951). 
10. 
and conditions changed as follows: Group 1, 5-seconds delay 
of reinforcement; Group 2, 10-seconds delay of reinforce-
ment; and Group 3 1 experimental extinction. Group 1 con-
tinued to perform at the 1-second asymptote, Group 2 showed 
a gradual decrement in performance, and Group 3 produced a 
normal extinction curve. Observations of the animals re-
vealed that Group 1 animals tended to remain in the vicinity 
of the food cup throughout the 5-second delay interval, but 
Group 2 animals tended to turn away from the food cup during 
the 10-second delay interval following an initial food cup 
response. Spence, who considered delay of reinforcement 
(K) as a determiner of sEr, interpreted these results as 
supporting his interference theory of delay of reinforce-
ment. The extent to Which animals were capable of maintain-
ing an orie.ntation to the food cup during the delay period 
would determine the effect of the delay interval on the per-
formance of an antecedent response. Otherwise, competing 
responses of some strength which occur during the delay 
interval would function through the process of stimulus 
generalization so as to interfere with antecedent members 
of the response chain. This should be particularly true 
in a runway situation with a running response. An experi-
ment by Carlton1 is presented as further evidence for 
his (Spence's) interference hypothesis. In an experiment 
1 P. L. Carlton, Response strength as a function of 
delay of reward and physical confinement (unpublished Master's 
dissertation, State University of Iowa, 1954). 
11. 
with animals shifted to different delays analogous to 
Harker's experimental design, ·but with the added condi-
tion of different size delay boxes, the small delay box 
group showed less decrement in performance when shifted 
from 0 to 10-seconds delay than did the large delay box 
group. Since the food cup was in the delay chambe:;r-, Spence 
considered that the small goal box represented a more 
favorable condition for the maintenance of food.;,cup re-
sponding during the delay interval. 
The importance of the above experiments by Harker, 
Shilling, and Carlton is that they reveal a new recogni-
tion of the importance of the behavioral events Which 
take place during the delay interval in determining the 
performance of antecedent responses. The experiments 
reviewed above provide only observational data as to this 
behavior, or present indirect evidence of the relationship 
of hypothetical delay behavior within a particular theoreti-
cal framework. The next logical ,step would appear to be 
the systematic manipulation of instrumented behavior during 
a delay period and the determination of its relationship to 
the delay of reinforcement gradient of the antecedent re-
sponse. Since manipulation implies stimulus control over 
delay interval behavior, this introduces the problem of 
. . . snl the discr1m1nat1ve and secondary reinforcing properties 
1
several symbols of this nature will be used through-
out the remainder of this dissertation. Their meaning is 
12. 
of a stimulus. A review of some of the relevant studies 
of this relationship is presented below. 
The Dual (SD and Sr) properties of a stimulus 
The earliest demonstration of the capacity of a 
stimulus to function both as an sD and an sr was an experi-
ment by Frolov as reported by Pavlov, 1 involving higher 
order conditioning with dogs. That qualitative identity of 
the CR and the secondarily conditioned response is not 
necessary is demonstrated in experiments by Skinner~ Estes,3 
and Bersch.4 In these experiments, the sound of the food 
magazine previously established as an sD for food cup ap-
proach was effectively employed as an sr for a lever press 
response. 
Another question involved the conditions necessary 
indicated below: 
sD -- a stimulus which is reinforced at least part of 
the time• 
soeita -- a stimulus in the presence of which a re-
sponse is never reinforced; 
sR -- a primary reinforcing stimulus; 
sr -- a secondary reinforcing stimulus. 
1r. P. Pavlov, Conditioned Reflexes, trans. by G. v. 
Anrep (Oxford University Press, 1927). 
2B. F. Skinner, The Behavior of Organisms (New York: 
Appleton-Century-Crofts, 1938) 1 PP• tlil-83. 
3w. K. Estes, Generalization of secondary reinforce-
ment from the primary drive, J. Comp. and Physiol. Psych., 
19~-9, 42, 286-29.5. 
4p. J. Bersh, The influence of two variables upon 
the establishment of a secondary reinforcer for operant 
responses, J. Exp. Psych., 19.51, 41, 62-73• 
to impart a stimulus with secondary reinforcing pro perties. 
Is discrimination training along the dimension of a particu-
lar stimulus a necessary condition for establishing that 
stimulus as a secondary reinforcer? It should be recalled 
. 1 
that Hull had merely stated that the stimuli be "closely 
and consistently" associated with reinforcement. However, 
an experiment by Schoenfeld, Antoni tus and Bersh, 2 in which 
a stimulus three seconds of light -- was presented fol-
lowing the delivery and during the consumption of a food 
pellet, did not indicate that the light had acquired second-
ary reinforcing properties When it was later presented fol-
lowing a lever press response. The authors then stated that 
"selective reinforcement (i.e., discrimination training) is 
ordinarily required to yield a measurable effect." Un-
fortunately, they did not include a group trained under con-
ditions that did produce secondary reinforcing effects. 
Saltzman3 conducted an e~periment with albino rats 
in which the animals were initially trained in a straight 
alley to run to a goal box of a certain color (black or 
white). The effectiveness of the goal box cues as sr's was 
1 
Hull, Principles of Behavior. 
2w. N. Schoenfeld, J. J. Antonitus, and P. J. Bersh, 
A preliminary study of training conditions necessary for 
secondary reinforcement, J. Exp. Psych., 1950, 40, 40-45• 
3r. J. Saltzman, Maze learning in the absence of 
primary reinforcements: a study of secondary reinforcement, 
J. Comp. and Physiol. Psych., 1949, 42, 161-173. 
determined by training on a spatial discrimination in a 
U-maze using the differential goal box colors of the previ-
ous training at the end of the arms of the maze. Animals 
given discrimination training in the straight alley, i.e., 
differentially reinforced in the presence of the black or 
.white goal box, made fewer errors when tested in the U-maze 
than animals initially trained with continuous reinforce-
ment in the same color goal box on all trials. However, 
this latter group did reveal some secondary reinforcing 
effects of the goal box stimulus. 
In general, experiments have demonstrated the effec-
tiveness of discrimination training in imparting a stimulus 
with sr properties. In instances where no discrimination 
is incorporated into the experimental procedure, i.e., 
Saltzman, 1 Netterman, 2 and Hall,3 weak secondary reinforc-
ing effects have been reported. However, the possibility 
exists that the design of the apparatus and even the over-
all differentiating effects of the experimental apparatus 
vs. the home cage may provide conditions sufficient to 
impart those stimuli present at the time of reinforcement 
1 Saltzman, ibid. 
2J. M. Netterman, A study of some relations among 
a periodic reinforcement, discrimination training and 
secondary reinforcement, J. Exp. Psych., 1951, 41, 161-169. 
3J. F. Hall, Studies in secondary reinforcement. 
Secondary reinforcement as a functi0n of the frequency of 
primary reinforcement, J. Comp. and Physiol. Psych., 1951, 
44, 246-251. 
with SD properties. Thus in Saltzman's s.traight alley, the 
goal boxes were black or white, the rest of the apparatus 
gray. It thus appears, as has been the case in so many 
controversies among learning theorists, that the search for 
the necessary conditions for the development of secondary 
reinforcers is rather fruitless, and that one can merely 
conduct parametric studies to determine the differential 
effects of various types and amount of discrimination 
training along a continuim on the sD and sr properties of 
a stimulus. Several such studies have already appeared in 
the literature to determine the relationship of sD and sr 
properties which will be reviewed briefly below. 
Dinsmoor1 conducted an experiment involving lever 
pressing with albino rats in an attempt to determine 
D whether the relationship of the development of S and sr 
_properties of a stimulus was one of equality. In this 
experiment, it was necessary to employ the same response, 
lever pressing, as a discriminative operant under the 
control of the sD and as a secondarily reinforced operant 
using the same stimulus. Following training on a momentary 
discrimination wi t;h light as the sD, alternate test days in 
which the stimulus was employed as an sD and an· sr indicated 
that approximately the same number of responses were emitted 
under each condition. Dinsmoor tentatively concluded that 
1J. A. Dinsmoor, A quantitative comparison of the 
discriminative and reinforcing properties of a stimulus, 
J. Exp. Psych., 1950, 40, 458-472. 
16. 
the conditions which impart a stimulus with s0 properties 
also impart it with equal strength to function as an sr. 
However, the contamination of the results under each condi-
tion due to the fact that responses made in the presence 
of the s0 after it had been presented following a response 
were included as part of the total responses emitted as a 
function of sr. A similar contamination of results occurred 
in the case of responses as a function of the sD properties. 
More recently, Ratner1 experiments in Which records 
have been kept of magazine approach responses emitted during 
the course of the application of the magazine sound as an 
sr lever pressing have produced rather a.'llbiguo:us results, 
certainly not of a one-to-one relationship; further experi-
mentation along these lines is to be expected. 
The relationship of sD and sr properties to the problem of 
delay of reinforcement 
We have pointed out earlier that the shape of the 
gradient of delay of reinforcement -- that is, the growth 
function and asymptote -- is particularly sensitive ·to the 
presence of secondary reinforcing stimuli during the delay 
period. We also have evidence that the strength of a 
secondary reinforcer is positively related to the strength 
1
s. C. Ratner, Reinforcing and discriminative prop-
erties of the click in a Skinner box, Psych. Reports, 1956, 
2, 332; and Effects of extinction of dipper-approaching on 
subsequent extinction of bar pressing and dipper-approach-
ing, J. Comp. and Physiol. Psych., 1956, 49, 576-581. 
17. 
of the same stimulus as an sD in Saltzman, Dinsmoor, and 
Netterman. 1 Although the evidence is not complete, it 
seems highly probable that a stimulus functioning effec-
tively as an sr also evokes some characteristic response 
during the delay interval. Spence2 speaks of oriantating 
responses in reference to the experiment by Harker, 
Shilling, and Carlton. 3 The appearance of such consistent 
response patterns during the delay interval may be inter-
preted as representing discriminative control of the 
stimuli present during the delay interval over behavior, 
and should be an indicator of the effectiveness of such 
stimuli as sr•s. The experiments previously mentioned by 
Schoenfeld, Antonitus and Bersh,4 as well as a number of 
other experiments demonstrating secondary reinforcement 
by Bersh,5 and Skinner, 6 did not undertake to instrument 
and record the behavior contigent with the sD (i.e., food 
cup approach), but in general merely employed techniques 
known to produce discriminative behavior. Spence merely 
mentions observations of such behavior. Actually, in many 
of the experiments on delay of reinforcement, it would be 
1 Saltzman, op. cit.; Dinsmoor, £E.!. cit., Netterman, 
op. cit. 
2spence, ~ cit. 
3Harker, OE· cit.;' Shilling, op. cit.; Carlton, op. 
4schoenfeld, Antonitus, and Bersh, op. cit. 
5Bersh, op. cit. 
6skinner, Behavior of Organisms. 
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impossible to specify in advance the type of consistent be-
havior which might develop during the delay interval, but 
this behavior, occurring as it does in the presence of the 
stimuli during the delay, should provide evidence of the 
presence of secondary reinforcement operating throughout 
the interval. I should therefore like to review some of 
the conditions under Which such behavior patterns tend to 
occur but which, as far as the design of the apparatus and 
the experimental contingencies are in no way effective in 
producing the reinforcing stimulus, tend to develop. I 
refer here particularly to "superstitious behavior," a 
phenomenum first reported as such by Skinner, 1 and mich 
Ferster2 applied directly to an interpretation of certain 
aspects of delay of reinforcement. Ferster's experiment 
(1953) is reviewed briefly below. 
Ferster trained four pigeons to peck at a lighted 
key for which reinforcement was programmed on a VI(l)3 
1 B. F. Skinner, Superstition in the pigeon, J. Exp. 
Psych_~, 1948, 38, 168-172. 
2c. B. Ferster, Sustained behavior under delayed 
reinforcement, J. Exp. Psych., 1953, 45, 218-234. 
3
vi symbolizes a variable interval schedule in 
which only the first response following different inter-
vals of time . is reinforced. 
FI symbolizes a fixed interval schedule in which 
only the first response following a constant interval of 
time is reinforced. 
Blackout refers to the condition in which all 
lights are turned off in the box and during which re-
sponses are never reinforced. 
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schedule. After the animals had reached a stable response 
rate, a 60-second delay interval, in the form of a blackout, 
was introduced following the first response at the end of 
the programmed time interval. At the end of the delay 
interval, the food magazine was presented and illumination 
returned to normal. Three of the four pigeons showed a 
gradual decrement in VI pecking responding under the delay 
condition, while the fourth animal showed a similar decline 
in rate only after the delay was increased to ]OUseconds. 
Ferster then introduced a program in which the delay follow-
ing the VI(l) was increased gradually from 1 to 60 seconds, 
and the animals were able to maintain a high rate of VI 
responding. Observation of the animals in a central ex-
periment in which the key light was turned off during the 
delay, the box light remaining continuously on, revealed 
that each animal had developed some characteristic made of 
responding (other than key pecking) such as turning in 
circles, pacing back and forth, etc. Ferster refers to 
these responses as "superstitious behavior," since they are 
in no way effective in producing the reinforcing agent. 
He points out that this behavior nbecomes conditioned dur-
ing the delay interval.u This means that the stimuli 
present during the delay acquire discriminative proper-
ties which control a consistent form of behavior, and thus 
are also able to function effectively as secondary rein-
forcement for antecedent responses. 
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It was mentioned previously that since there is no 
way to predict in advance t h e particular response which 
may develop during the delay interval~ instrumentation of 
the response presents a problem. However, Ferster, in an 
attempt to demonstrate the relationship of delay behavior 
on antecedent responses, employed a procedure by which a 
behavioral chain was initially built in during the delay 
interval~ after which the contingency of magazine presenta-
tion and this res ponse was removed. Pigeons were first 
trained on a red vs. blue discrimination. The first re-
sponse occurring one minute after the blue light (SD) came 
on was reinforced, and the light then changed to red 
(Sdelta) which was on a VI(l) and never reinforced. The 
blue light (SD) followed the VI(l)(sdelta) red and its on-
set was independent of the animals' behavior. Training 
continued for four hours~ at the end of which sD respond-
ing was characteristic of FI behavior and sdelta respond-
ing dropped to zero. Next~ one hour of training was 
instituted, in which a response during sdelta (red) turned 
on the sD (blue), Which continued to be reinforced on a 
FI(l). Then sdelta was shifted from crf1to a VI(l)~ the sD 
(blue) schedule remaining as before. A.fter several hours' 
training on this two member cha.in, behavior in the 
presences of the sdelta and sD was characteristic of VI 
1
crf symbolizes continuous reinforcement -- a condi-
tion under which all responses are re.inforced. 
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and FI behavior respectively. Finally the contingency of 
reinforcement at the end of the sD ~as removed and the 
magazine presented at the end of one minute, independent 
of the animals' behavior. Results indicated sdelta VI (1) 
responding remained at the same level, while sDFI(l) peck-
ing declined gradually to a lower but eventually stable 
rate. 
Ferster points out that the last stage of the ex-
periment in mich reinforcement occurs non-contingently at 
the end of the sD interval is analogous to the procedures 
usually employed in delay of reinforcement experiments. 
In this instance the response for which reinforcement was 
delayed was maintained at a high rate even with a delay --
sD interval -- of one minute, which is ~ell beyond the asymp-
tote found in most runway or removable lever design experi-
ments. This was the result of the secondary reinforcing 
properties of sD blue Which continued to maintain control 
over key responding during the one-minute interval. Since 
FI behavior eventually stabilizes to produce a positively 
accelerated response rate t hroughout the interval, an FI 
schedule tends to insure the occurrence of a response at 
the time of reinforcement. Thus behavior is maintained at 
a fairly high rate. In the usual delay of reinforcement 
experiments with s h ort delays, the reinforcing stimulus 
occurs at the end of the interval -- this may be secondary 
reinforcement such as opening the door of the delay chamber 
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or the sound of pellet delivery -- independent of the ani• 
mals' behavior; any response which happens to occur at the 
time of sR or sr presentation will acquire some strength 
and be more likely to occur on the next trial. If the delay 
interval is short, little time is provided for the extinc-
tion of this response, and so the probability of further 
spurious correlations with the presentation of reinforce-
ment is high. Eventually a high rate of occurrence of this 
tt·supersti tious" response may occur. Since delay of rein-
forcement experiments involve a fixed delay interval, the 
subsequent FI behavior insures a continuation of these 
chance correlations. At longer delay intervals, more op-
portunity for the chance reinforced response to extinguish 
occurs. Actually, it is more likely that a variety of re-
sponses are reinforced in this way which then slowly ex-
tinguish, but on any particular trial several responses 
with an above operant rate should occur, and would repre-
sent a weak control of the stimuli pre sent during the 
delay over behavior and thus a weak secondary reinforcing 
effect. The implication is, however, that it is primarily 
a single stereotyped response occurring throughout the de• 
lay interval which indicated strong stimulus control over 
behavior and therefore is an indication of the effective-
ness which such stimuli may function as secondary rein-
forcers. 
The above analysis of delay interval behavior and its 
relationship to the sD and sr properties of a stimulus 
provides an explanation flor the results of the experi-
ments previously discussed, particularly those in which 
the delay was ch anged during the course of tr~ining. 
(Harker, Shilling, and Carlton. 1 ) In Harker's experiment, 
the animals shifted from 1- to 10-seconds delay showed 
no decrement in response strength as measured by lever 
press latency. They were probably able t -o maintain a 
consistent response such as food c~p orientation through~ 
out the interval. Shilling's animals which were shi.fted 
from 1- to 5-seconds delay likewise showed no decrement, 
whereas those shifted from 1- to 10-seconds delay demon-
strated gradually increasing running times on the ante-
cedent member of the response chain. Shilling mentions, 
as reported by Spence, 2 that animals in this latter group 
showed a tendency to turn away from the food cup at some 
time duri ng the delay following the initial food cup ap-
proach response. This type of behavior is more typical 
of the early development of FI behavior Dollowing crf 
training in mich the successive extinction curves have 
not yet begun to summate. Also, anticipating the next 
paragraph, the majority of runway desi gn experiments and 
also experiments employing discrete trials usually do not 
1 Harker, op. cit.; Shilling, 2£• cit.; Carlton, 
op. cit. 
2spence, Behavior Th~ory and Conditioning. 
involve the prolonged training as found in the free operant 
design. Thus in the former case there is little opportun-
ity for the development of temporal discriminations charac-
teristic of FI behavior, and prolonged training at 10-seconds 
delay following !-second delay, as in the Shilling experi-
ment, should result in an eventual response decrement for 
reasons given below. 
As we have pointed out earlier, one measure of the 
· n 
strength of a stimulus as an S is the rate at Which a 
particular response is emitted iri its presence, and this 
in turn should indicate its effectiveness as an sr. Another 
closely related measure of sD strength is the latency o£ 
the initial response to sD onset. Following extended train-
ing on an FI schedule, pauses at the beginning of the 
interval characteristically develop. As such they repre-
sent relatively weak control of the sD over behavior at 
this time in the interval. Extending the analogy of delay 
of reinforcement and FI schedules, similar pauses should 
develop in delay of reinforcement experiments in Which a 
consistent mode of responding has developed during the 
delay interval such as food cup orienting responses men ... 
tioned above. sD onset, that is, the stimuli present at 
the beginning of the delay interval, would provide rela-
tively weak secondary reinforcement of the antecedent re-
sponse. 
In view of the above considerations as to the 
behavior during the delay interval and its relationship to 
antecedent res ponses, the present experiment was designed 
to shed further light on this relationship. Two delay 
conditions designed to produce differential effects on 
behavior during the delay interval were employed, and these 
effects determined at four different delays. 
The Problem 
In order to determine the effects of different 
behavioral patterns during a delay interval on ante-
cedent res ponding, it is of course necessary to devise 
different delay conditions wh ich should be expected to 
modify this delay interval behavior. A comparison of 
the delay procedure of a typical Hullian-type delay ex-
periment involving a restricted operant with the pro-
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cedures in Skinnerian experiments involving free operants 
suggests the method for manipulating delay behavior. 
In runway delay of reinforcement experiments em-
ploying special delay chambers or delay in the goal box, 
the end of the delay interval is signalled by a change 
in the prevailing stimulus conditions, usually the sound 
of the delivery of the primary reinforcing stimulus. The 
latter stimulus occurs independent of the animals' be-
havior. The occurrence of two distinct stimulus situations 
during the delay, SDl represented by all the delay chamber 
cues and sD2 the discrete stimulus at the end of the delay 
interval, represent the usual conditions for the develop-
ment of a discrimination. No responses in the presence of 
sDl are reinforced and all responses in the presence of 
sDl plus sD2 (or sD2 plus a short interval of time) are 
reinforced. Food cup responses during sDl alone should 
eventually decrease to a very low rate, particularly as a 
function of the length of the delay interval, since long 
delays provide more opportunity for their extinction. The 
lowering of the rate and the increase in initial latency 
of responses to sDl would represent the weakening of the 
effectiveness of sDl in con trolling a consistent form of 
behavior. Since there is substantial evidence of a posi-
tive relationship of sD and Sr properties of a stimulus 
(Dinsmoor, Saltzman, Netterman1 ), sDl would be expected 
to provide relatively secondary reinforcement for any 
antecedent response. 
A somewhat analogous situation involving free 
operant behavior in a Skinner box may be represented by 
the case of a two member chain in which the second member 
of the chain (food cup panel pressing), comparable to the 
delay interval, is on a FI s~hedule of reinforcement. In a 
FI schedule, tne first response following the end of a 
fixed time interval produces a change in the stimulus con-
ditions, i.e., the sound of the food magazine and the de-
livery of the pellet. External stimulus conditions, gDl, 
remain the same throughout the interval, and no change in 
1 D:hnsmoor, on. cit.; Saltzman, op. cit.; Netterrnan., 
op. cit. 
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stimulus conditions occurs at the end of the interval 
except the change contingent on the animals' behavior. 
Thus the opportunity for the development of a discrimina-
tion on the basis of different external stimulus during the 
FI interval is not present. The high rate and short ini-
tial latency of the responses to sDl would represent strong 
sDl control over a consistent form of behavior and for 
reasons presented above, relatively high effectiveness as 
a secondary reinforcer for an antecedent response. Of 
course, a temporal discrimination of the type indicated 
in the introduction would develop eventually, its extent 
a function of the length of the delay interval. However, 
without the support of changes in external stimulation, 
SDl vs. sD2, the low rate and long initial latencies indi-
cated in the Hullian types delay procedures would not be 
expected to occur. 
Statement of the Problem 
The present experiment was designed to investigate 
the effect of two different conditions during a delay of 
reinforcement interval on food cup behavior within this 
interval, and to determine the differential effects of these 
two conditions on the gradient of delay of reinforcement of 
an antecedent lever press response. The situation in which 
no discrete auditory stimulus signals the end of the delay 
interval independent of the animals' behavior will hence-
forth be referred to as Condition 1. The alternative 
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• 5D2 situation in which discrete st1mulus indicates the end 
of the delay interval will be referred to as Condition 11. 
Groups of animals were trained at 4 different delay inter-
vals under both conditions, any one group being trained at 
only one set of parameters. Several predictions will be 
made on the basis of the following assumptions: 
Assumptions 
1. The rate of occurrence of some consistent response 
in the presence of a particular set of stimuli sD 
is a positive indication of the effectiveness of 
these stimuli as an sD. (Ferster, 1953.) Likewise, 
the latency of the initial response to the onset of 
this set of stimuli, sDl, will have the same though 
negative relationship to their sD properties. 
2. The presence of two diff erent stimulus conditions 
at different times within the delay interval as indi-
c·ated by sDl and sD2 mentioned above represent the 
conditions for the development of a discrimination 
such that the stimulus condition which is furthest 
away in time from the primary reinforcing stimulus 
(Skinner1 ) willlose some of its sD properties. The 
longer the delay interval, the greater the opportunity 
for the extinction of this response to sDl and the 
1 
Skinner, Behavior of Organisms. 
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greater will be its loss of sD properties. 
3. There is a positive relationship between the SD 
and the sr properties of a stimulus. (Dinsmoor and 
Saltzman. 1 ) 
On the basis of these assumptions, the following 
predictions will be made: 
Predictions 
1. Food cup panel pressing 
A. Rate in the presence of sDl 
(i} The rate of panel pressing will be higher 
under Condition ·ll than Condition 11. The ex-
tent of this difference will be a positive 
function of the delay interval. 
B. Latency to s01 onset 
(i) The latency will be an increasing func-
tion of the length of the delay interval 
under both Conditions. 
(ii) The latency will be longer for Condition 
11 than Condition 1, the extent of this dif-
ference a positive function of the length of 
the delay interval. 
2. Lever pressing 
A. Acquisition and asymptotic performance of 
lever press will be a decreasing function of the 
length of the delay interval. 
1Dinsmoor, op. cit.; Saltzman, op. cit. 
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B. The gradient of delay of reinforcement will 
be flatter and reach a higher, i.e., longer 
interval, asymptote under Condition 1 than under 
Condition 11. 
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CHAPTER II . 
METHOD 
Subjects 
The subjects were 53 male albino rats between 90 
and 150 days old, and between 210 and 380 grams in weight 
at the time they were introduced to the experimental pro-
cedures. These animals were obtained from the Charles 
River Laboratory, and housed in individual cages in a home 
cage room which was lighted 24-hours-a-day. Five animals 
were eliminated due to very high operant lever rates, 
leaving 48 animals to be divided equally among the eight 
experimental conditions. 
Apparatus 
The apparatus consisted of a modified Skinner box 
7!" high, 7" wide, and 10 11 long. Three sides of the box 
were of wood construction and painted flat gray. The top 
and the bottom were made of hardware cloth. The ~emaining 
side of the box was an aluminum sheet .025n thick on which 
' 
the manipulanda were located. A rectractible lever was 
located on the left side of this panel 4" above the floor. 
The lever consisted of a microswitch with an actuating arm 
3/1611 wide and 1/3211 thick, which extended 7/Bu into the 
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box when fully inserted. A one-inch rod approximately 
1/8" in diameter was mounted across this bar and when the 
lever was fully retracted, lay flush with the side of the 
box. A pressure of five grams was sufficient to close the 
microswitch. Insertion and retraction of the lever was 
accomplished by a reversible mater located in an adjacent 
room and connected by a shaft to a gear box which con-
verted the rotary motion to linear motion. Complete in-
sertion of the lever required 1.1 seconds, retraction 0.9 
seconds. 
A plexiglass panel 2!11 by 1 3/4" and hinged at the 
top was located 2" to the right of and slightly below the 
lever. The bottom edge of the panel was tn above the 
floor of the box and an excursion of the bottom edge of 
the panel of 3/8u activated the food magazine which de-
livered a food pellet into a smoothed concave food cup 
just behind the panel. The feeder, rotary in design and 
manufactured by H.H. V. Hurwitz, delivered 0.04.5 gram food 
pellets and was almost completely silent in its action. 
Behind and 1" above the top of the panel, a 7-watt frosted 
Dl lamp in series with a 200 ohm resistory provided the S .. , 
the stimulus which was to control panel pressing behavior. 
Photometric brightness as delivered through the panel was 
not determined and may have changed slightly during the 
course of the experiment due to the accumulation of 
scratches on the plexiglass panel. The discrete auditory 
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stimulus sD2 was produced by the action of a 110-volt 
AC solenoid, located one foot above the center of the ex-
perimental box. 
The complete apparatus so described was housed 
within a refrigeration box with a masking noise provided 
by a standard Sears and Roebuck hair dryer, Cat. No. 
8R8710, which provided ventilation of the box. The vari-
ous experimental contingencies were programmed through a 
series of relays and timers from an adjacent room in which 
the recording equipment was also located. 
Procedure 
The completion of all phases of the experiment re-
quired 20 days for each animal. In general, 3 animals were 
introduced into this cycle every 9 days, and the whole ex-
periment extended over a period of 280 days. Counterbalanc-
ing was attempted as much as possible to control for dif-
ferential effects of the time of the year when the animals 
were run. The most obvious of such effects was temperature, 
particularly in the summer months, since air conditioning 
was not available in the laboratory. 
Feeding Rhythm and Handli98 (Days 1-$) 
During the first .5 days, each animal was handled 
daily for 1.5 minutes. Animals were fed Purina lab chow 
ad lib in separate feeding cage s for one hour per day 
throughout the course of the experiment. ~fuenever 
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practical, the animals were fed at the same hour each day 
at the conclusion of the experimental session. Since the 
leng th of these sessions varied with different phases of 
the experiment, deviation from this standard feeding time 
of p lus or minus 2 hours sometimes occurred. Scrambling 
of the time of the experimental sessions was thus oc-
casionally resorted to in order to control for differential 
deprivation effects of such deviations. 
Operant Level Determination for Lever Pressing (Days 6-8) 
For the next three days each animal was placed in 
the experimental chamber with the lever inserted for a 
45-minute operant test session. Each lever press produced 
1) immediate mthdrawal of the lever, and 2) the onset of 
sDl (light). At the end of 3 seconds, the lever was re-
inserted and sDl terminated. The total number of lever 
press was recorded (but not the temporal distribution of 
these responses). Animals were assigned to the 8 different 
experimental groups on the basis of the three-day median 
of the number of lever presses in order to equate groups 
for initial operant lever rate. Operant panel press rates 
were not determined. 
Pretraining on Panel Pressing (Day 2J. 
On day 9, each animal was placed in the experimental 
box in which the panel in front of the food tray was propped 
open. Five 0.45gm pellets were immediately available in 
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the tray and after they were consumed an additional 10 
pellets were dropped into the food tray manually one at a 
time at approximately one-minute intervals. The panel was 
then closed and each panel press now produced a pellet. 
This training was continued until the animal had made 
10 reinforced panel presses within any five-minute inter-
val. If, after a reasonable period of time, the animal 
failed to reach this criterion, the previous training 
steps were repeated. sDl was continuously on during all 
phases of preliminary training on day 9. 8n2 did not oc-
cur during this stage of training. The lever was perma-
nently retracted on this day and remained so until test 
day 16. 
Discrimination Training -- Panel Pressing Days 10-15 
On day 10, the animal was first g iven 10 more im-
mediately reinforced trials on panel pressing exactly as 
at the end of day 9, and required to reach the same 
criterion of 10 reinforced panel presses within any 5-minute 
interval. For the remainder of the session and for the 
following 4 days, discrimination training on panel pressing 
was carried out with all animals. In this training a vari-
able sdelta (panel light off) interval averaging 1~ minutes 
with a range of 20 seconds to 2! minutes was followed by 
sDl (light) onset without reference to the animals' behavior. 
The first panel press at the end of the experimental pre-
scribed sDl interval produced a single pellet and sDl 
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termination. Twenty such sequences were given on day 10. 
The above sequences represent the contingencies for Condi-
tion 1. In Condition 11, the end of the experimentally 
Dl prescribed S interval was signalled by a discrete audi-
tory stimulus sD2 (the sound of the solenoid) and the first 
res ponse thereafter produced a single pellet and sDl termi-
nation. Different experimental groups were trained at 
four different sDl intervals under Conditions 1 and 11, 
each group experiencing a single parameter. The basic de-
sign is a 2x4 factorial represented schematically below: 
Condition 11 
8n2 
N: 6 
Delay Interval (sDl interval) in Seconds 
4 10 30 50 
Obviously, if the animal failed to respond imroodiately 
following the end of the programmed interval for sDl, the 
average sDl interval was extended. In practice, after 
several days of discrimination training, the behavior 
at the time that reinforcement was set up had s:tabilized, 
Dl 
so that the average S interval averaged out to 4.3, 
10.7, 31.4, and 52.1 seconds for the respective sDl inter-
vals for animals trained under Condition 1. The average 
for those trained under Condition 11 was 4.1, 10.6, 32.2, 
52.0. 
Two added contingencies applicable to all groups 
t hroughout t h e remainder of the experiment (days 10-20) 
should be mentioned. First, if the animal happened to be 
holding the food panel open at the time the programming 
set up reinforcement, reinforcement was -withheld until 
the animal released and then repressed the panel. This 
contingency was introduced to at least partially eliminate 
' holding of the panel open which would of course confound 
t he rate measure. Such holding behavior occurred rarely, 
and tb.en only at the beg inning of discrimination train-
ing , particularly among the short sDl Condition 1 animals. 
The second contingency was that if holding the panel open 
at the time reinforcement was programmed continued for 
more than 4 seconds, reinforcemen t was missed on that 
trial and sDl terminated at the end of the four-second 
interval. This too occurred rarely (the maximum t9tal 
number of missed reinforcement for a single animal during 
Dl days 10-15 was five), and then only with the short S 
interval animals of Condition 11. This contingency was 
purely a function of the limitations of the programming 
equipment. 
During discrimination training, panel pressing in 
t h e prese nce of sdelta and sD was recorded on separate 
counters. Two S-1 model Standard Electric Timers recorded 
cumulatively for each session t he latency of t he ini-tial 
panel press to SDl onset and the duration of time the panel 
was held open during sDl. A Gen:brands cumulative recorder 
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emp loyed pr imarily to g et samples of the temporal distribu-
. f d . SDl Sdelta 1 i th t1on o responses ur1ng or and ater n e 
experiment, days 16-20, of lever pressing. 
Days 11-15 
Discrimination panel press training continued for 
five more days with daily sessions involving 30, 40, 40, 
4 4 
Dl delta O, 0 S , S sequences for a grand total of 210 
reinforced trials. Conditions remained the same as those 
described for discrimination training on day 10, with the 
exception of the addition of a 10-second sdelta prolong 
for panel pressing on days 13-15. Each gdelta response 
stopped the prog ramming tape for 10 seconds, but not in a 
cumulative fashion. Later in the experiment, a lever 
press response preceeding sDl onset was to be added to the 
beh avioral sequence, and since these res ponses were to 
occur in what was formerly the sdelta period, the prolong 
was introduced to mi nimize sdelta panel pressing wh ich 
might later interfere with the lever press response. The 
prolong was removed on test day 16 and t h e following days. 
Lever Pressing Acquisition Test Days 16-20 
Days 16, 17. 
On day 16, the animal was introduced to the apparatus 
with the lever now present and the sdelta condition now 
prevailing. The first lever p ress was followed immediately 
by gDl onset and removal of the lever. The sDl contingencies 
remained the same as during panel discrimination training 
with the exception that the first response following the 
end of the sDl interval produced a pellet plus lever in-
sertion. Twenty-one trials were conducted on each day and 
the latency of lever pressing recorded on each trial with 
the exception of the first. Following these twenty trials 
on day 17 1 lever pressing was ·shifted from crf (for 
secondary reinforcement) to a VI (45 seconds), the last 
response at the end of the particular interval followed by 
sDl onset and the sequence completed as before. The VI 
for lever pressing averaged 45 seconds with a range from 
10 to 80 seconds. Records of the number of lever press 
were kept along with the usual panel press data. 
Lever Pressing VI (45 seconds) --Days 18-20 
The following three days represent a continuation 
of - the conditions of the last 10 reinforced sequences on 
Day 17. Thirty such reinforced sequences occurred on each 
day. 
The twenty-one crf lever trials on days 16 and 17 
represent the acquisition of lever pressing under the dif-
ferent delay of reinforcement conditions. The author felt 
that the time involved in consumption of the pellet might 
set a practical limit on the lowest latency of lever press-
ihg which would of course be constant for all groups. 
This might mask actual differences in lever press strength 
as measured by latency, particularly for the short delay 
groups. The VI training on days 18-20 would tend to 
eliminate the effects of eating time on the strength of 
lever pres sing as measured by rate and perhaps give a 
clearer indication of asymptotic performance. 
CHAPTER III 
RESULTS 
Lever Pressing 
Operant Level Days 6-8 
The median number of non-reinforced lever presses 
for each group on days 6, 7, and 8 is presented in Table 
I.1 Animals ~ere assigned to the various experimental 
groups on the basis of the median of their three operant 
test scores in order to equate groups for the initial 
operant rates. Since the experiment ~as conducted over a 
period of 280 days, groups could only be roughly equated 
in this manner ~ithout discarding a great many animals. 
,Actually, 5 animals ~ere discarded because of an exceed-
ingly high operant lever rate, that is, over 100 responses 
per daily session. A Kruskal-Wallis 2 non-parametric test 
for independent samples ~as conducted, using the three day 
medians of the individual animals in the 8 experimental 
groups and the resulting H: 3.69 with a p~ 0.60 indi-
ca ted that there was no significant difference between 
1 . 
The three day median lever press responses for each 
animal on days 6-8 is presented in Appendix 1. 
2s. Siegalt Non-Parametric Statistics (Ne~ York: 
McGraw-Hill, 1956J. -----
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Day 
6 
7 
8 
Day 
6 
7 
8 
TABLE I 
Median Number of Operant Lever Presses 
During 45-minute Sessions Days 6-8 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
Median Range Median Range Median Range 
24 1-65 3 0-46 10 0-35 
13 0-50 6 1-62 10 0-29 
13 0-34 6 0-55 17 0-39 
Condition 11 
Click 
Delay Interval in Seconds 
Median Range Median Range Median Range 
16 3-37 12 4-51 14 3-31 
13 3-27 10 2-50 8 0-30 
15 5-40 17 0-41 10 0-33 
45. 
so 
Median Range 
8 1-51 
7 1-58 
7 1-50 
Median Range 
9 3-55 
7 1-63 
9 0-54 
46 • . 
group on 1n1 tial operant lever pr ss rate . 
Lateneie 
Tabl. I.Il 1v s t 1 m dian 1 vev pr ss lat nei _ s for 
11 gr oups for th 20 t t trial o on ay 16 nd 17. Ta 
r ult of ·11 on2 distr · bution fr n lysis or v 1 ne 
u i ng t h combi ned t wo d . y m di .ans 1 p sented in Table III. 
1 ·i n no s i gnifictant ci'ff r nee between Conditions 1 nd 
J.l (no sD2 vs . 2 , henceforth al o referred to as no c l i ck 
ve . el!ek grot;.ps respeetiv ly) , p ~ 0. 50, but aignif'ic t 
diff renees 'b tt1een dei y , _ ~ o.ol. The result of t h 
a l ie tion of a Mann- Whitn ~ U test3 to t he combined 
Condition 1 and 1 animals at a aoh delay is present d in 
Tabl I • Significant di'ff . r ences , 1.e., p ~ 0.05, are 
indica ted .for all but t he 30 v • 50 second delay- groups . 
Lever pre~s latanei s otted as g roups of 4 t rial s 
on s 16 and 17 are s ho n in F·i gure 1 . Sinct"' there ae 
no ",nif'ieant dif.ferono bet-w en Condi tiona l and 11, 
F i n;ure 1 r pre sente t~1e medi an latencie for t he c ombi ned 
Conn t1on 1 and 11 animal& (N = 12) · t t h e four delay 
1nt rv~l • 
1 The median lever pres lat&neie$ f'or i ndividual 
animal for days 17, and 18, i s resontad in A p&ndix 2 . 
2K. V. v111son1 A d atribu tion free tes t of' 
analys1e of varianee hypothesi • sxchol. Bull., 1956, 
53 , 96- 101. 
3
siegal , on . cit . 
TABLE II 
Median Lever Press Latency of 20 Trials 
on Days 16 and 17 
Condition 1 
No click 
Delay Interval in Seconds 
4-0 10.0 30.0 50.0 
Day Median Range Median Range Median Range Median Range 
16 6.82 2.33 7.35 4.32 17.90 8.46 20.56 12.18 
15.93 32.35 35.88 40.12 
17 4.90 3.01 5.50 3.61 11.35 4-76 . 15.44 8.15 
12.30 11.75 34.08 38.12 
Day 
16 
17 
Condition 11 
Click 
Delay Interval in Seconds 
4·0 10.0 30.0 
Median Range I'1edian Range l'-1edian Range 
6.84 3.23 7.12 3·43 17.34 9.38 
16.85 - 30.23 38.32 
$.20 2o56 7.16 lJ~· 13 10.42 5.78 
14.6!il 17.70 37.59 . 
50.0 
Median Range 
12.55 6.18 
28.97 
13.63 6.12 
39.12 
48. 
TABLE III 
Wilson Distribution Free Analysis of Variance Based on 
the Nedian Lever Press Latencies for Days 16 and 17 
Source of Variation x2 df p Decision 
Between Groups Lr= 20.0 7 0.01 Significant 
Between Delays xn= 13.67 3 0.01 Significant 
Between Conditions Xc= 0 1 0.99 Not sig-
(No click vs. nificant 
click) 
Interaction x1= 0.33 3 0.95 
Not sig-
nificant 
TABLE IV 
Mann Whitney U Test of Two Day (16,17} Median Lever Press 
Latencies. Condition 1 and 11 Animals Combined 
Delay Interval in Seconds 
4 10 30 50 
0.025 0.001 0.001 
4 0.01 0.001 
10 
0.05 
30 
50 
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51. 
Lever Press Rates -- Days 18-20 
The median lever press rates for all groups on the 
VI (45 seconds) days 18-20 is presented in Table v. 1 Since 
l~ttle day-to-day variation and no trend toward increasing 
or decreasing rate during days 18-20 were apparent, the 
median of the t hree daily rates for each animal was employed 
in the statistical treatment of the data. A non-parametric 
test, Wilson•s 2 distribution free analysis of variance, was 
used due to the small size of the samp1e, N = 6, and the 
wide range of rates of individual animals .in several of the 
groups. This statistic does not take into account possible 
correlations between initial operant lever rates and the 
rates on test days 18-20. The same is true of the analysis 
of latency data for days 16 and 17. Thus the results . of a 
Wilson analysis of variance will therefore be on the con-
servative side. The author was unable to find a suitable 
non-parametric test for a 2x4 experimental design which 
would include the effects of possible correlations mentioned 
above. 
Table VI gives the results of the Wilson analysis of 
variance. No significant difference, p _ 0.80, between 
Condition 1 and 11 (no click vs. click) is indicated, but 
we do find significant differences between delays, p ~ .001. 
1 . The 3 day med1an lever rates for eacp animal for 
days 18-20 is g iven in Appendix 3. 
21:Jilson, ou. cit. 
Individual Mann ~fuitney1 tests were conducted comparing 
the combined Condition 1 and 11 delay groups at each de-
lay. The results of these tests are presented in Table 
VII, and significant differences, P ~ 0.05, between all 
but the 4 vs. 10 second delay groups are indicated. 
Figure 4 shows the median lever press rates for 
the combined Condition 1 and 11 animals at each delay 
on days 18-20. Figure 5 represents the median of the 
three day medians of the combined Condition 1 and 11 
animals plotted against the delay interval, in effect the 
gradient of delay of reinforcement. 
1 
Siegal, op. cit. 
Day 
18 
19 
20 
Day 
18 
19 
20 
TABLE V 
~1edian Lever Pressing Rate on a 45-second VI 
Schedule on Days 18-20 -- R's/min. 
Condition 1 
No click 
Delay Interval in Seconds 
4·0 10.0 30.0 50.0 
Median Range Median Range Median Range Median Range 
8.47 3.23 - 6.96 5.96- 4.16 2.05- 2.60 1.59-
10.93 8.29 5.82 4.96 
9.51 4.11 - 7.56 6.28- 3.80 3.06- 2.00 2.31-
12.37 10.00 6.89 4.03 
8.41 4·83 - 7.12 5-04- 4·43 2.75- 2.86 1.92-
10.06 9-75 7.58 3.90 
Condition 11 
Click 
Delay Interval in Seconds 
4.0 10.0 30.0 50.0 
Median Range :Hedian Range Median Range Median Range 
8.99 4-07- 7.66 6.00- 3.95 2.10- 3.18 1.92-
13.16 10.72 6.28 4.91 
6.02 3.70- 7-77 5.14- 3. 72 2.36- 3.09 1.59-
14.96 10.72 4.59 2.52 
7.58 4·43- 8.38 5.42- 3.00 2.53- 3.60 1.95-
13.46 13.30 5.56 3.31 
54. 
TABLE VI 
Wilson Distribution Free Analysis of Variance 
Based on Three Day (18-20) Median Lever 
Pressing Rate on VI (45 seconds) 
Source of x2 df p Decision 
Variation 
Between Groups XT=29.3 7 0.01 Significant 
Between Delays xD=27 .3 3 0.01 Significant 
Between Con-
di tions (No x0= 0.59 1 o.so Not signif'i-click vs. cant 
click) 
Interaction x1= 2.0 3 0.70 Not signifi-
cant 
55. 
TABLE VII 
Mann Whitney U Test -- Based on Three Day (18-20) l1edian 
Lever Press Rates on VI (45 seconds) for Condition 1 and 
Condition 11 animals Combined 
Delay Interval in Seconds 
4 10 30 50 
0.10 0.001 0.001 
4 
0.001 0.001 
10 
0.05 
30 
50 
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58. 
Panel Pressing 
Panel Pressing in the Presence of sDl 
Daily rates of sDl panel pressing were calculated by 
dividing the total number of sDl presses by the number of 
minutes the sDl was present. All rates are indicated as re-
sponses per minute. The median of these daily mean rates 
for all groups for days 10•20 is presented in Table VIII. 
sDl Panel Pressing Rates, day 10 
Since there was no initial determination of the free 
operant rate of panel pressing, a Kruskal-Wallis1 test for 
independent samples was applied to the sDl panel rate for 
all eight experimental groups on day 10. 2 J,.n H • 11.5 
indicating a p ~ 0.10 allows us to accept the null hypothe ... 
sis of no initial differences between groups on day 10. 
sDl Panel Pressing Rates, Days 18-20 
Since the lever press rates on Days 18-20 (see Table 
VIII) were considered to be our most representative measure 
of lever press strength, and since the relationship of SDl 
panel pressing to lever pressing was our major interest, 
the statistical analysis of sDl rates on day 16, and 17 
(see Table VIII) is omitted. Consistent with our treatment 
1 
Siegal, op. cit. 
2
sDl panel pressing rates for individual animals 
on day 10 are given in Appendix 4. 
59. 
of the data on lever pressing, a Wilson1 analysis of vari-
ance was carried out, using the median of the SDl rates 
on days 18-20, 2 the results of which are presented in 
Table IX. We note that a significant difference, p ~ 0.05, 
occurs between Conditions 1 and 11, and likewise a sig-
nificant difference, p S 0.02, appears between delays. 
Table X gives the results of individual Mann-~Jhitney3u 
tests comparing the Conditions 1 and 11 groups at the four 
different delay intervals. Significant differences 
p < 0.05 are indicated for all but the 50-second Condi-
tions 1 and 11 animals. Since the initial Wilson test gave 
a p ~ 0.05 between Conditions 1 and 11, the finding that 
three out of four significant P values is not merely a 
chance phenomenon. 
Tables XI and XII give the results of individual 
Mann-~Ihitney U tests as applied to the median of the daily 
Dl S panel rates, days 18-20, at the different delay inter-
vals for Condition .l and Condition 11 respectively. All 
but the 30 vs. 50-second delay groups in both Conditions 1 
and 11 demonstrate significant differences, p.:::::: 0.05. 
Figures 6-9 show the development of the differential 
sDl panel rates during the course of the experiment for 
18-20, 
~ilson, op. cit. 
2The sDl panel rates for individual animals, days 
are given in Appendix 5. 
3siegal, op. cit. 
the Conditions 1 and 11 groups at each delay interval. 
Figure 10 shows the same data (i.e., the median of the 
three daily mediamdays 18-20 for Conditions 1 and 11) 
plotted as a function of the delay interval. 
60. 
Day 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
TABLE VIII 
Daily Median sDl Panel Press Response 
Rates Days 10-20. R1 s/min. 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
Median Range Median Range Median Range 
16.83 7.67 14.65 7.83 9.20 3.29 
19.50 19.25 16.10 
18.67 9.00 25.09 17.83 23.50 9.20 
31.66 28.66 60.01 
27.00 14-50 36.84 27.57 31.00 13.70 
72.66 49.86 48-40 
52.2 37.20 44-90 32.70 29.08 14.60 
68.00 58.90 47.40 
59.5 45-50 48.30 43-40 31.23 16.60 
81.20 58.40 34-40 
58.0 46 .• 90 4J+.8o 32.30 31.17 14.40 
68.40 52.90 40.40 
58.70 47-90 40.12 38.30 35.12 19.30 
68.60 63.70 47-30 
73.5 56.00 43.80 37.90 35.89 22.20 
85.50 69.90 43-30 
80.00 64.00 54.50 44.80 34.22 22.00 
94-50 76.00 48.60 
84.10 55.00 58.80 41.60 37.66 15.90 
111.50 68.00 49.10 
81.20 46.10 61.30 38.8 39.11 16.60 
115.00 75.2 51.90 
61. 
50 
Median Range 
10.97 6.66 
19.32 
17.49 6.00 
21.55 
24-47 6.64 
41.55 
25.99 6.08 
46.23 
30.51 14.61 
36.38 
30.59 6.55 
41.48 
33.75 9.89 
45-77 
34.83 9.24 
52.11 
37.60 7.21 
47.19 
39.20 6.50 
47-54 
33.06 9.89 
46.42 
62. 
TABLE VIII (cont.) 
Condition 11 
Click 
Delay Interval in Seconds 
4 10 30 50 
Day Median Range Me di an Range Me dian Range Median Range 
10 10.38 1.61 6.66 3.82 11.55 2.30 9.59 3.26 
18.00 12.16 15.50 27.79 
11 16.75 4-34 20.60 6.69 13.83 2.33 10.51 8.07 39.50 39.20 18.30 38.54 
12 30.50 17.75 19.67 13.66 15.79 2.60 12.19 7.30 
46.50 33.14 26.80 47.63 
13 46.06 24.06 28.90 22.70 16.76 12.00 15.05 4.05 
55.64 39.00 42.90 34.67 
14 50.19 36.47 27.50 24.30 17.20 5.55 20.97 3.41 
60.90 40.01 20.90 39.24 
15 63.20 27.44 29.40 27-40 19.89 3.50 21.63 3.26 
70.30 41.30 38.50 42.82 
16 44.64 30.71 31.50 18.00 23.10 6.66 20.47 6.66 
65.79 40.90 39.10 36.94 
17 42.96 40.78 37.20 19.60 18.55 16.30 21.00 7.64 
81.51 46.90 25.90 30.59 
18 52.75 30.00 41.70 27.80 21.70 18.70 26.03 7.19 
85.00 48.40 56.50 43.88 
19 48.50 41.50 
83.00 
34-50 29.40 
49.60 
23.12 16.50 
48.10 
27.14 11.50 
52.54 
20 52.90 3'7.00 4~~29 28.20 23.75 16.10 35.79 8.65 81.00 50.40 60.50 41.00 
TABLE IX 
Wilson Distribution Free Analysis of Variance, 
Based on the Three Day (18-20) Median of 
Daily sD Panel Press Rates 
Source of x2 df p Decision 
Variation 
Between X T = 20.0 7 0.01 Significant groups 
Between Xn - 11.0 3 0.01 Significant delays 
Between Xc - 5.30 1 · o.o5 Significant -
conditions 
{No click 
vs. click) 
Interaction xi - 3.30 3 0.50 Not significant -
64. 
TABLE X 
Mann Whitney U Tests for Differences Between Condition 1 
and Condition 11 at each Delay Interval, Based on Three 
Day (18-20) Jviedian sD Daily Panel Press Rates 
Condition 1 vs. 
Condition 11 P. 
Delay Interval 
4 seconds 0.021 
10 seconds 0.013 
30 seconds 0.015 
50 seconds 0.294 
TABLE XI 
Mann-~itney U Tests of Differences Between Delays 
for S Panel Pressing, Based on Three Day Median 
of Daily Panel Rates for Condition 1 
Daily Interval in Seconds 
4 10 30 50 
0.032 0.004 0.013 
4 
0.021 0.009 
10 
0.409~} 
30 
50 
iHn opposite direction -- higher rate for 50" delay 
group. 
TABLE XII 
Mann-Whitney U Tests of Differences Between Delays 
for sD Panel Pressing, Based on Three Day Median 
of Daily Panel Press Rates -- Condition 11 
Daily Interval in Seconds 
4 10 30 50 
0.001 0.021 0.001 
4 
o.oo8 o.oo8 
10 
0.469 
30 
50 
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71. 
sD1Panel Press Latencies -- Days 10-20 
The cumulative latencies of the initial panel re-
sponse to sDl onset were recorded daily for each animal 
and the average latency per trial determined by dividing 
this by the number of sDl presenta.tions. The median of 
the daily mean latencies for each group (days 10-20) is 
presented in Table XIII.1 At the beginning it was un-
certain as to whether a perfect correlation between sDl 
panel rate and latency would occur. Actually in terms 
of simple rank order of these measures a perfect correla-
tion did occur. 2 Since the statistical tests employed 
on the data from this experiment were all non-parametric 
and at best simple rank orders, any statistical tests 
using the latency data would give partially identical 
results as those using the rate data. 
Figure 11 shows the median of the daily median 
latencies, days 18-20, for both Conditions 1 and 11 ani- · 
mals at the different delay intervals. Figures 12 and 13 
show the median s0~ panel press latency of Conditions 1 
and 11 animals respectively. 
1The median sDl panel press latencies for individual 
animals for days 10-20 are presented in Appendices 6, 71 
and 8. 
2The analysis of the ranks of these two measures 
within each experimental group of 6 animals on each of the 
11 experimental sessions revealed on 4 cases in which 
the measures did not follow the same order. 
TABLE XIII 
Median Latencies of sDl Panel Response, Days 10-20, 
to Light Onset in Seconds 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
72. 
50 
Day Median Range Median Range Median Range Median Range 
10 1.92 0.93 4.38 2.36 6.62 6.22 6.54 5.50 
2.67 6.67 15.19 16.41 
11 2.01 0.97 3.42 1.96 5-34 2.52 3.83 2.66 
2.26 4·84 5.85 9.01 
12 1.80 0.94 2.99 1.89 8.03 1.9t 4·46 3.00 2.90 3.99 5. 8 7.55 
13 2.33 1.94 3.99 2.89 9.54 4·75 8.08 5. 72 2.50 4.64 11.88 12.32 
14 2.20 1.89 3. 79 3.05 11.69 5.55 8.19 5.97 
2.35 4.62 9.38 14.13 
15 2.27 1.91 4.30 2.53 8.60 4-64 9.08 6.56 2.80 4-54 10.75 20.43 
16 2.16 1.12 3.12 2.05 7.98 2.28 7.76 4-49 2.80 5.66 .5.48 8.82 
17 1.74 1.43 3-04 1.74 6.57 2.26 6.15 5.39 
2.11 4.06 6.33 9.58 
18 1.69 0.89 2.51 1.76 8.51 2.34 8.31 4-73 
1.97 4.00 6.97 10.65 
19 2.05 1.03 2.68 1.58 6.78 3.89 8.33 7.25 
2.43 3.97 8.64 11.04 
20 1.51 1.09 2.33 2.14 7.02 4.52 8.16 7-14 2.62 3-49 9.80 11.93 
73. 
TABLE XIII (cont.) 
Condition 11 
Click 
Delay Interval in Seconds 
4 10 30 50 
Day Median Range Median Range Median Range Median Range 
10 2.22 1.31 5.13 3.94 8.26 3.09 9.09 7.25 
3.26 6.34 15.51 20.23 
11 1.68 1.31 4·43 2.65 3.36 4.05 7-93 3.69 3.63 6.17 18.68 13.57 
12 2.19 0.88 4-27 3.33 4.26 4.16 9.68 3.30 
2.62 6.14 17.14 26.88 
13 2.45 1.09 3.28 1.95 7.31 5.19 12.68 7-57 
2.67 5.89 13.06 18.95 
14 2.26 1.69 5.19 3.55 6.83 7.36 14.19 8.14 
2.61 6.21 21.53 26.42 
15 2.12 1.58 4.19 2.89 6.57 6.31 14.65 8.39 
2.84 6.18 24.00 19.39 
16 2.55 1.00 3.41 2.80 4.26 5.46 9.33 5.91 
3.24 5.67 17.77 15.83 
17 2.05 1.22 2.60 2.23 ' 3.88 5.25 8.88 5.3-7 
2.48 3.99 11.70 16.85 
18 2.38 0.91 3.01 2.52 5.87 5.34 7.22 3.08 
3.01 4.12 9.58 11.15 
19 2.31 o.83 3·37 2.05 6.00 4· 78 5.16 3.27 
3.05 4.09 10.65 11.14 
20 1.84 0.91 3.06 1.57 5.68 s.oo 6.13 4.50 
3.09 5.54 11.50 19.24 
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77. 
Sdelta Panel Pressing, days 10-20 
I 
The daily sdelta panel pressing rates were calculated 
by dividing the total number of sdelta presses per daily 
session by the number of minutes that the gdelta condition 
prevailed. The medians of these mean daily rates for all 
groups on days 10-20 are presented in Table XIV. 
sdelta Panel Pressing, days 10 
Since no initial free operant test for sdelta panel 
pressing was initially taken, a Kruskal-Wallis1 test was 
carried out on these response rates, day 10, for all groups. 2 
An H • 0.96 indicating a p::;:. 0.99 permits us to accept the 
null hypothesis of no initial difference in sdelta panel 
rates among the eight experimental groups. 
Sdelta Panel Pressing Rates, days 18-20 
Consistent with the treatment of the data on gDl 
panel press data and VI (45-second) lever pressing results, 
a Wilson3 analysis of variance was conducted using the 
. delta 
median of the da1ly 8 rates for days 18-20, the re-
sults of which are presented in Table xv.4 We find no sig-
<. nificant differences between Conditions 1 and 11, p _ 0.20, 
or between the four delay intervals, p '-- 0.30. The Sdelta 
panel rates for Condition 1 animals on days 11-13 are 
1Siegal, op. cit. 
2The sdelta panel press rates for the individual 
animals for day 10 are given in Appendix 9. 
\a1son, op. cit. 
4The median of the daily sdeltapanel press rates 
for individual animals for days 18-20 is given in Appendix 10. 
78. 
consistently higher than Condition 11 for all four delay 
intervals. (See Figures 14-17) A Wilson analysis of 
variance using the median of the three daily rates, days 
11-13, 1 indicated a significant p ,.S 0. 01 between the two 
conditions. (See Table XVI.) A non-significant p ..:( 0.30 
-
was indica ted between the different delays. 
Figures 14-17 show the comparison of the sdelta 
panel rates for Conditions 1 and 11 at 4, 10, 30, and 50 
seconds delay respectively. On day 13, a 10-second pro-
long was introduced with the sdelta interval. No sudden 
drop as a result of this change is apparent. It should 
also be noted that there is a sharp rise in sdelta re-
spending for all groups on day 16, the day the lever is 
reintroduced to the apparatus, but no differential effects 
of Conditions 1 and 11 on this rise are apparent from 
inspection. 
Figure 18 is a plot of medians of the daily sdelta 
rates for Conditions 1 and 11 animals combined at each 
delay interval for each experimental session. No con-
sistent differences in these rates at different delays is 
apparent at any stage of the experiment. 
1 
The median of the daily sdelta panel press rates 
for individual animals for days 11-13 is given in Appendix 
11. 
Day 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
TABLE XIV 
}1edian of Daily Sdelta Panel Press 
Rates, Days 10-20. R's/min. 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
Median Range Median Range Median Range 
13.29 7.50 10.65 6.80 11.44 2.43 
19.17 18.60 17-4J 
12.85 6.51 11.41 8.~7 13.16 5.07 24.96 1 .38 21.38 
5.27 4.28 7.29 4-77 8.10 2.78 
15.95 11.90 15.50 
2.19 1.87 3.24 2.05 3.63 1.55 
4.33 3.65 6.51 
2.68 1.84 1.45 0.95 2.72 1.63 
3.43 3.05 6.40 
2.11 1.02 1.59 1.28 2.33 o.B2 
2.37 3.39 3.00 
10.87 6.54 5.86 4-03 5.46 1.44 
17.81 12.55 10.33 
5.36 1.06 7.72 3.68 3.52 2.90 
10.36 11.79 . 10.30 
3.19 0.94 5.26 2.24 3.53 1.02 
5.00 6.52 6.86 
3.09 1.00 4.02 2.32 3.13 0.86 
5.00 4·44 7-34 
3.31 0.89 3.78 1.48 4.06 1.69 
6.48 4-50 9.29 
79. 
50 
Median Range 
10.33 7-33 
16.70 
12.65 5.60 
16.24 
13.22 2.95 
18.25 
4·45 2.68 
4-64 
3-73 2.24 
4-64 
2.47 1.31 
5.84 
10.19 1.27 
16.86 
4-29 2.04 
8.29 
4·83 1.40 
10.29 
2.83 0.55 
5.00 
2.99 0.69 
9.12 
Bo. 
TABLE XIV (cont.) 
Condition 11 
Click 
Delay Interval in Seconds 
4 10 30 50 
Day Median Range Median Rang e Median Range Median Range 
10 10.25 6.44 11.69 3.77 9.53 2.~2 9.00 5.63 16.10 22.47 1 -77 21.00 
11 8.02 4-31 7.67 5.03 4-64 1.71 7.06 2.95 
21.71 12.58 9.64 26.69 
12 5.27 3.58 5.11 2~20 4-14 1.98 4.32 1.30 
11.39 7.83 7.28 26.02 
13 3.29 1.59 3.05 1.99 3.23 2.63 4.15 2.66 
5.34 4-85 4.22 8.77 
14 2.26 1.74 2.08 0.80 1.94 0.49 2.34 0.95 
3.40 3-24 3.16 6.65 
15 1.65 0.91 2.16 1.16 1.80 o. 79 2.74 0.95 
3-49 2.94 6.91 6.25 
16 9.49 4-62 7.12 2.68 7.54 2.23 5-44 1.92 11.37 10.77 15.30 28.33 
17 5.01 2.90 7.66 4.66 3.78 2.19 7.32 0.89 
7.76 14.14 6.64 12.31 
18 3.16 1.52 5.17 2.94 3-35 1.17 5-74 1.16 
4-96 7.32 6.18 6.29 
19 3.20 1.50 4-32 2.80 3.09 1.36 5.19 2.82 6.68 5. 42 5.14 11.76 
20 3.14 1.53 2.98 1.50 3.31 1.19 3 . 66 1.14 
6.16 4-37 7-74 9-44 
81. 
TABLE XV 
Wilson Distribution Free Analysis ofdVariance, 
Based on t h e l'~edian of the Daily S e..L -ca 
Panel Press Rates (Days 18-20) 
Source of x2 df p Decision 
variation 
Between XT ::a 5.33 7 0.50 Not signifi-
Groups cant 
Between ~ = 3-33 3 0.30 Not signifi-Delays cant 
Between XC = 1.33 1 0.20 Not signif i-
Conditions cant 
(No click 
vs. click) 
Interaction Xr - 1.66 3 o.8o Not signifi--
cant 
82. 
TABLE XVI 
Wilson Distribution Free Analysis of Variance on 
Differences in sdelta Panel Rates Based on 
the 11edian of the Daily sdelta Rates, Days 11-13 
Source of x2 df p Decision 
Variation 
Between XT = 18.66 7 9.02 Significant Groups 
Between X - 4.66 3 0.30 Not signifi--
Delays D cant 
Between Xc - 1_5.00 1 0.01 Significant -Conditions 
Interaction Xr = o.o 3 0.99 Not significant 
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88. 
The Ratio of sdelta to sD plus sdelta Panel Press Rates 
In a momentary discrimination, the course of the 
development of the discrimination is clearly reflected 
in the steady decllne in sdelta response rate, the 
latency of the SD response quickly reaching a stable 
asymptote. In the present experiment, the situation is 
more complex, since although sdelta rates gradually de-
cline, sD rates increase gradually throughout the course 
of the tv.Jenty daily sessions. Since different sDl inter-
vals generate different response rates, a comparison of 
the sdelta;sD+ sdelta ratios as an indicator of the ex-
tent to which a discrimination has developed at the dif-
ferent delays is meaningless. However, a comparison of 
the ratios between Conditions 1 and 11 might indicate the 
strength of the discrimination. Since the ratio reflects 
both the sD and sdelta panel rates and since we have 
found significant differences between sD rates for Condi-
tion 1 and 11, but no differences in sdelta responding, 
the ratio measure reveals primarily sD differences. 
There is, however, an advantage in the use of such ratios, 
for they should be relatively insensitive to day-to-day 
fluctuations in over-all panel press rates which may be 
due to unspecified variables. A ratio measure would tend 
to reduce the variable error and hence increase the ef-
fectivenmss of a statistical test of sD differences. In 
the non-parametric tests employed here, the effect of 
decreasing the variable error would be slight. 
The medians of the sdelta;sD+ sdelta ratio are given 
in Table XVII. 1 A Wilson2 non-parametric analysis of vari-
ance was conducted using the median of the three daily 
ratios, days 18-20, the results of which are presented in 
Table XVIII. Comparison between Conditions 1 and 11 gives 
a p ~ 0.20 which is not significant. The between delay 
statistics is meaningless as an indication of the extent 
of the development of the discrimination for reasons al-
ready given. 
It was hoped that this ratio would be particularly 
useful in the analysis of the different response measures 
for individual animals within the groups, particularly 
its relationship to lever pressing data. Simple rank 
order comparisons did not reveal any clear correlations, 
as will be again mentioned in the section on correlational 
analysis of response measures within groups. 
1 . . 8 The median rat1.os for 1.ndividual animals, days 1 -
20, are presented in Appendix 12. 
2Wilson, op. cit. 
Day 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
TABLE XVI I 
Median Sdelta/SD Sdelta Panel Pressing Rates, 
Days 10-20 
Condition 1 
Delay Interval in Seconds 
4 10 30 
90. 
50 
Median Range Median Range Median Range Median Range 
0.487 0.356 0.458 0.377 0.510 0.425 0.498 0.464 
0.659 0.515 0.595 0.567 
0.441 0.180 0.331 0.280 0.381 0.230 0.444 0.342 
0.568 0.401 0.427 0.483 
0.175 0.103 0.167 0.108 0.231 0.169 0.298 0.219 
0.293 0.258 0.316 0.412 
0.043 0.035 0.059 0.047 0.139 0.165 0.170 0.102 
0.069 0.087 0.181 0.363 
0.040 0.035 0.033 0.020 0.090 o.o6t 0.109 0.058 
0.070 0.055 0.1 1 0.241 
0.036 0.021 0.045 0.029 0.071 0.042 0.107 G.043 
0.044 0.061 0.090 0.154 
0.165 0.116 0.105 o.o66 0.133 0.079 0.178 0.113 
0.206 0.229 0.234 0.272 
0.072 0.012 0.135 0.073 0.114 0.081 0.121 0.046 
0.116 0.237 0.192 0.219 
0.040 0.010 0.091 0.029 0.104 0.023 0.136 0.037 
0.062 0.107 0.119 0.182 
0.046 0.010 0.065 0.043 0.087 0.041 0.077 0.032 
0.077 0.088 0.141 0.114 
0.039 0.010 0.055 0.024 0.107 0.040 0.091 G.022 
0.048 0.078 0.152 0.171 
91. 
Table XVII (cont.) 
Condition 11 
Delay Interval in Seconds 
4 10 30 50 
D.ay Median Range Median Range Median Range Median Range 
10 0.528 0.3~5 0.564 0.369 0.499 0.379 0.479 0.435 
o. 00 0.855 0.601 0.633 
11 0.364 0.202 0.249 0.213 . 0.364 0.27~ 0.390 0.262 
0.540 0.~.29 0.4 9 0.413 
12 0.182 0.073 0.186 0.091 0.218 0.167 . 0.268 0.187 
0.271 0.266 0.432 0.354 
13 0.070 0.029 0.095 0.056 0.159 0.063 0.216 0.199 
0.107 9.208 0.260 0.396 
14 0.050 0.036 0.063 0~030 0.108 0.081 0.124 0~059 
0.0,58 0.111 0.167 0.318 
15 0.036 0.019 0.070 0.027 0.078 0.041 0.128 0.057 
0.047 0.094 o.eo6 0.226 
16 0.169 0.101 0.183 0.108 0.219 0.196 0.265 0.082 
. 0.225 0.287 0.281 o.J¥3 
17 0.107 0.045 0.139 0.101 0.166 0.075 0.227 0.041 
0.115 0.303 0.279 0.377 
18 0.056 0.038 0.114 o.o58 · 0.108 0.056 0.146 0.042 
0.072 0.152 0.186 0.257 
19 0.060 0.035 0.098 0.078 0.098 0.076 0.157 0.126 0.085 0.132 0.170 0.287 
20 0.060 0.035 0.063 0.051 0.093 0.046 0.135 0.036 
0.077 0.118 0.236 0.192 
92. 
TABLE XVIII 
Wilson Distribution Free Analysis of Variance 
of Median of sdeltajsD sfielta Panel 
Press Ratios, Days i8-20 
Source of x2 df p Decision 
Variation 
Between 16.93 7 0.02 Significant 
Groups 
Between 9.94 3 0.02 Significant 
Delays 
Between 1.08 1 0.20 Not signifi-
Conditions cant 
Interaction 0.89 3 0.90 Not signifi-
cant 
93. 
SDl Panel Press Holding Time 
Daily cu~ulative records were kept of the amount 
of time that the animal held the panel in the open posi-
tion and this value divided by the number of trials gave 
the holding time per response. A brief inspection of the 
data revealed no consistent differences either between 
Conditions 1 and 11 or between delays and no statistical 
treatment of this data was deemed necessary. 
Res onse Measures for 
Since a variety of res ponses measures were taken 
for each animal throughout the course of the experiment, 
a series of rank order correlations were made within the 
groups. Comparisons were made between initial operant lever 
rates and lever rates and latencies on test days, the sD 
panel latencies and rates vs. lever rates, etc. In some 
cases the rank order analysis was made between subgroups 
involving six pairs of animals, in other cases , where no 
differential effects of Conditions 1 and 11 were indi-
cated, twelve pairs of animals were involved in the 
analysis. Some 48 of these correlation coefficients were 
determined and five of these turned out significant. Since 
with such small samples, chance factors would produce at 
least this many significant correlations, no particular im-
portance could be attached to the results. Even the use of 
sD;sDr sdelta ratio did not show any consistent relation• 
ship to other response measures. 
. CHAPTER IV 
DISCUSSION 
The major predictions concerning differences in 
lever press performance on the test days 16, 17, and 
18-20 were predicated on the development of differences 
in delay interval behavior as a function of the experi-
mental variables. I should therefore like to discuss 
initially the results on sD panel pressing. The strength 
of sDl panel pressing as measured by both latency to sD1 
onset and sDl rate showed clear dif f erences as a function 
of Condition 1 vs. Condition 11. As predicted, Condition 
1 animals developed shorter gDl latencies and higher gD1 . 
rates t h an those trained at the same delay interval under 
Condition 11. These differences appeared by the second day, 
day 11, of discrimination training, with the exception of 
the two 4-second delay groups, and were maintained through-
out the course of t h e experiment. The 4-second delay 
groups did not develop dif f erent rates until day 16, the 
initial test day f or lever pr e ssing. Statistical tests 
Dl 
of bo:bh S panel press measures on days 16, and 17, and 
18-20 indicated t h at t h ese differences, with the exception 
of the 50 second groups, were significant at the p < 0.05 
95. 
level. 
The sdelta panel pressing rates on test days 16, 17, 
and 18~20 showed no significant differences either as a 
function of the delay interval or the Conditions 1 and 11. 
This eliminates the possibility that any differences in 
lever pressing might have been due to the occurrence of 
interfering panel responses. 
The strength of lever pressing as measured by 1) 
latency to lever insertion, days 16, 17, and 2) rate on a 
VI(45 seconds), days 18-20, was significantly different as 
a function of the delay interval, P .~ 0.05, with the excep-
ti on of the 4 vs. 10 second groups. However, neither 
measure revealed any differential effects of Condition 1 
vs. 11. The plot of the lever press rates, days 18-20, as 
a function of the delay interval (Figure 5) reveals a 
gradient of delay of reinforcement similar to those re-
1 ported by Grice, Perin, Perkins, and Bersh, with an ini-
tially sharp negative acceleration and an asymptote some-
where between 30 and 50 seconds. The asymptote is longer 
than those of Perkins and Grice, but they were primarily 
interested in minimizing the effects of secondary rein-
forcement, which was not the case in the present experi-
ment. Although Figure 5 presents the combined Condition 1 
and 11 animals at each delay interval, separate plots for 
Condition 1 and 11 demonstrated almost identical delay 
1 
Grice, op. cit.; Perin, op. cit., Perkins, op. cit.; 
Bersh, oo. cit. 
96. 
gradients. 
The sD /sD -1- sdel ta ratio was calculated with the 
rationale that such a measure being less sensitive to 
day-to-day variation of uncontrolled variables, i.e., 
drive, or unknown factors, might be a more reliable 
measure of the extent to Which the discrimination for 
panel pressing had developed. Such a measure might be 
useful, not only in comparing the groups of Condition 1 
with Condition l~but also in the analysis of the data 
of individual animals within each group, that is, the 
correlation of this ratio measure with other response 
measures. Since non-parametric tests were employed with 
the data, the ratio measure would actual l y exert little 
effect on the statistical tests between groups• · Correla-
tional treatment of the different response measures on the 
same animals produced disappointing results not only in 
the case of the rate measure vs. lever pressing but also 
between the various other response measures. No signifi-
cant correlations other than those Which could occur by 
chance were indicated. 
Dl To return to S panel press behavior, the results 
were in accordance with the predicted effects of the ex-
perimental variables. Short delay interval groups exhibi-
ted shorter latencies and higher rates than those groups 
trained at longer SDl intervals. These latency results 
may be accounted for by assuming that the longer the 
97. 
delay intervals, the greater the opportunity for non-re-
inforced responding at points temporally distant from the 
time of reinforcement, with the subsequent development of 
a temporal discrimination. The higher rates at short de-
lays may be accounted for in part by the s h ort sDl latency. 
Another factor would be interaction of the effects of the 
contribution of reinforcement and extinction to the 
1 
strength of lever pressing. The balance of these effects 
would occur at a point of higher rates for the shorter de-
lay groups. 
The differential effects of Conditions 1 and 11 on 
both panel rates and latency may be interpreted as the re-
sult of further differentiation of the stimulus conditions 
at the beginning and end of the interval, that i~ the 
easier discrimination for animals trained under Condition 
11. It can also be accounted for by assuming that the 
secondary reinforcing effects of sD 2 on a variety of re-
sponses which may occur at this time, results in the in-
terference of these responses with sDl panel pressing. 
It is also possible that the dif f erent rates of sDl panel 
D2 pres s ing are due to the fact that S was sufficiently 
aversive in nature to depress over-all panel responding. 
The author observed a sudden drop in panel responding 
following the initial introduction of the sD2 on day 10. 
(As compared with the previous crf rate.) However, by 
1 
Skinner, Behavior of Organisms. 
-98. 
day 13, Sdelta rates for Condition 1 vs. Condition 11 ani-
mals at the different delay no longer appeared to show any 
difference. Any over-all depressive effects of sD2 had 
apparently adapted out by then. The higher sDl rates for 
the -Condition 1 animals still might be accounted for by 
the conditioned inhibitory effects of an aversive stimulus 
sD2 which occurred only in the presence of s01 • This of 
course represents a different interpretation as to the 
reason for the lmver sDl panel rates under Condition 11 
than that of the preceding paragraphs. Such an interpre-
tation would not, however, affect the predicted relation-
ship of sDl panel behavior and lever performance. 
The prediction that animals trained under Condition 
1 should demonstrate higher performance on lever pressing 
than those of Condition 11 was not supported. Neither 
latency days 16, 17, nor rate days 18-20 revealed any dif-
ferential effects of the two Conditions. This occurred 
even though the s01 panel behavior on which the prediction 
was p::ri.marily dependent demonstrated the differential ef-
fects expected as a result of the two conditions. The 
most plausible explanation for this lack of significant re-
sults is that other response chains may have developed 
during the delay interval. Although these responses in no 
way produced the reinforcing stimulus, they would repre-
sent some s01 control over behavior, Which in turn would 
permit sDl to function as an sr. This would be particularly 
99. 
true in the case of the initial pause in sDl panel press-
ing following sDl onset. Some evidence as to the manner 
in which such responses develop and operate is presented 
in an experiment by Skinner and Morse. 1 Two rats were 
trained in a Skinner box in which lever pressing was re-
inforced on an FI(5). Available in the box adjacent to 
the lever was a low inertia wheel which the animal could 
rotate. No contingencies were related to wheel turning 
behavior. Characteristic FI behavior developed on lever 
pressing and wheel turning behavior occurred at a fairly 
high rate, particularly during pauses in lever responding. 
As pauses in lever pressing at the beginning of the FI 
increased with further training, wheel turning during the 
initial pause increased. With further training,pauses 
in wheel turning at the beginning of the FI started to 
appear. It seems plausible that another response with a 
fairly high operant might also develop during the pause 
in wheel turning. These responses (wheel turning or other 
uninstrumented behavior) occur consistently in the presence 
Dl Dl 
of S and thus S represents control over a consistent 
behavior pattern. SDl might therefore maintain strong sr 
properties even though pauses in the instrumented response 
(in this case, panel pressing) would tend to indicate other-
wise. The · problem of what provides sufficient reinforcement 
1B. i. Skinner and \v. H. Morse, Concurrent activity 
under fixed interval reinforcement, J. Comp. and Physiol. 
Psych., 1957 . 
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of these uninstrumented responses at a level which allows 
them to predominate over the contingent response at least 
part of the time remains unanswered. 
In the present experiment, the contingencies of 
Condition 11 were particularly favorable for the develop-
ment of responses other than panel pressing during the 
sDl interval. The solenoid~ick at the end of the sDl 
interval occurred independent of the animals' behavior, 
and as such -- due to its consistent and close associa-
tion with primary reinforcement -- provided strong second-
ary reinforcement of a variety of responses other than 
panel pressing. A particular response thus reinforced 
would occur at a fairly high rate for several trials, 
then perhaps extinguish as another secondarily reinforced 
response develops. Thus a single non-contingent response 
might be occurring at any stage of the experiment or a 
variety of res ponses of perhaps lesser strength but suf-
ficient to provide secondary reinforcement to maintain 
lever pressing at a rate equal to that of Condition 1 ani-
mals trained at the same delay interval. If the develop-
ment of auxiliary chains is an important factor, one might 
expect that differential effects of Conditions 1 and 11 
might be more readily revealed early in training before 
they could acquire sufficient strength. Number of trials 
may thus be an important variable for the present problem. 
Another explanation for the failure to find 
101. 
differences in lever performance as a function of the two 
Conditions 1 and 11 is the possibility that the diff er-
ences in amount of secondary reinforcement were not suffi-
cient to produce noticable effects. Lever press behavior 
has been shown to be relatively insensitive to differ-
ences in the quantity of reinforcement (Reynoldsl), although 
differential effects have been determined using variations 
in the quality--% sucrose-- of reinforcement (Guttman2). 
Runway experiments with tests for secondary reinforcement 
involving the acquisition of a new spatial response with 
no terminal primary reinforcement have indicated that amount 
of primary reinforcement is not an effective parameter of 
the strength of the secondary reinforcer unless discrimina-
tion training on the different magnitudes of food reinforce-
ment is initially conducted (D'Amate3). However, if dif-
ference in amount of secondary reinforcement is eliminated 
as an effective parameter, this raises the problem of why 
differences in lever res ponse rates occurred as a function 
of the length of the delay interval. This problem is to 
be discussed below. 
1B. Reynolds, Resistance to extinction as a function 
of the amount of reinforcement, J. Exp. Psych., 1950, 40, 
46-52. 
2N. Guttman, Operant condition, extinction and 
periodic reinforcement in relation to concentration of 
sucrose used as reinforcing agent, J. Exp. Psych., 1953, 46, 
213-224. 
3M. R. D'Amate, Secondary reinforcement and magni-
tude of primary reinforcement, J. of Comp. and Physiol. 
Psych., 1955, 48, 378-380. 
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The data on panel pressing and lever performance 
under different delays of reinforcement for either Condi-
tion 1 or 11 are consistent with an interpretation based 
on the influence of different amounts of secondary rein-
force ment on the performance of an antecedent res ponse. 
The sDl panel latencies and rates were interpreted as 
indicators of the strength of the sDl as a secondary 
reinforcer. It mi ght be argued that the difference in 
lever performance is a function of the over-all primary 
1 frequency of reinforcement. Skinner has shown that 
within certain ranges of time intervals, response rates 
under periodic reconditioning show an inverse relation-
ship to the time between reinforcements, and this relation-
ship holds here as far as sDl panel behavior is concerned. 
However, in this experiment, pressing is actually rein-
forced, secondarily, on the same schedule VI (45 seconds) 
for all groups and any effects of frequency of primary 
reinforcement would probably operate on different prin-
ci ples than in the case of periodic reconditioning. For 
example, it is possible that cue stimulus effects might 
influence lever pressing. There is some evidence (Wyckoff, 
SidoHski, and Chambliss, 2 and Morse and Skinner3) that the 
1 
Skinner, Behavior of Organisms. 
2L. B. 'Hyckoff, J. Sidowski, andD. J. Chambliss, 
An experimental study of the relationship between secondary 
reinforcing and cue eff ects of a stimulus, J. Gomp. and 
Physiol. Psych., 1958, 51, 103-109. 
3u.r. H. Morse and B. F. Skinner, Some factors involved 
in the stimulus control of operant behavior, J. Exp. Anal. 
of Behavior, 1958, 1, 103-107. 
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presence of stimuli which have previ ously associated with 
reinforcement may operate in a manner analogous to drive 
to increase the level of activity of the organism. It 
seems highly p robable that the frequency of presentation 
of such a stimulus could be a parameter of the effective-
ness of this stimulus to function in this manner. However, 
it should be recalled that no differences in sdelta panel 
pressing was indicated as a function of the . length of the 
delay interval (and hence as a function of the over-all 
frequency of reinforcement) except on the initial three 
days (10-12) of the experiment. This stage of equivalence 
was reached even before the introduction of a 10-second 
prolong on day 13. This data sug gests that frequency of 
reinforcement, p rimary or secondary, did not · affect lever 
press rates, at least in the manner specified above. 
Actually, it is somewhat surprising that the sdelta 
panel rates were approximately the same for all groups, 
this occurring even before the introduction of the 10-second 
prolong on day 13. Spurious correlations of sdelta panel 
res p onses with sDl onset might be expected to produce 
higher sdelta rates for the short delay groups due to the 
greater secondary reinforcing properties of sDl for short 
delays. Of course, no record was kept of these correla-
tions, but t hey might be expected to average out to about 
the same for all groups. On the other hand, certain fac-
tors may have mitigated the effect of t h e secondary 
. Dl delta 
reinforcing p ropert1es of S onset on antecedent S 
panel responses as a function of t h e delay i n t erval. 
Applying a discrimi nation hypoth esis, it may be t h at the 
actual discrimination of s 0 and sdelta is more dif f icult 
for animals trained at long sDl intervals. The longer 
t h is interval, t h e more non-reinforced panel responses, 
thus mak i ng the situation more similar to the sdelta 
condition. The higher rates during sdelta generated as 
a result of the difficulty of the discrimination at 
longer delays wou l d tend to mask the differential effects 
of t h e chance secondary reinforcement of sdelta panel 
res p onses. Of course, following the introduction of the 
10-second prolong, . sdelta panel rates might be expected 
to be orne equated si n ce it h as been sh own (Grice, Perk ins1 ) 
that the asymptote of the g radient of delay of reinforce-
ment with secondary reinforcing cues minimized -- i.e., in 
which t here is no change in external stimuli occurring 
during the interval or in which stimulus generalization 
from the time of reinforcement cannot occur -- falls be-
tween 5 and 10 seconds. However, when the sdelta prolong 
was removed on day 16 and the following, the sdelta panel 
rates continued to remain equal for all groups. 
It is interesting to note that there is a s h arp 
increase in sdelta panel rate on day 16 when the lever is 
reintroduced. This probably represents a disinhibitory 
1G · . P k" . r1ce, op . c1t.; er 1ns, op . c1t. 
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effect of a novel stimulus since it is quite transitory 
and a similar but opposite effect is revealed for sDl 
panel pressing for some of the groups. From the author's 
observation, this inhibitory effect on sDl responding was 
most noticeable during the first S minutes of this session, 
and is less clearly revealed in the average measure for 
day 16. The introduction and removal of the lever pro-
duced an auditory stimulus and if there was any generaliza-
tion of responding to this stimulus from the sD2 (sound 
of the solenoid), it should be revealed as a greater in-
crease in rate and drop in latency in sDl responding for 
Condition 11 animals. No such differential effects were 
indicated. 
This experiment was not conducted, at least 
formally so, as a test of any particular theory of be-
havior as applied to problems of delay of reinforcement. 
Likewise, the results do not represent arry unequivocal 
support or refutation of such theories. It was suggested 
that the lower sD panel rates for Condition 11 animals may 
have been the result of interfering responses and at least 
may indicate the failure to maintain a particular form of 
orientation to the food cup. Assuming this to be so, the 
failure to find differences in lever rates as a function 
of the two Conditions is not a refutation of Spence's 
theory, since he was speaking primarily of a runway situ-
ation in which the interfering responses generalized to 
points earlier in the runv.my. In this experiment, initial 
106. 
discrimination training actually was designed in part to 
eliminate the possibility of interfering responses on 
lever pressing, hence the 10-second sdelta prolong on 
day 13. In practice it was found that sdelta panel re-
sponses were equal for all groups during the stage of 
acquisition of lever pressing. 
CHAPTER V 
CONCLUSIONS 
The present experiment was designed to determine 
the effects of two delay procedures on behavior during 
the delay interval, and to indicate the relationship of 
such behavior to the performance of an antecedent re-
sponse. Different groups of albino rats were trained 
under either Condition 1 (no sD2 at the end of the inter-
val) and Condition 11 (sD2 at the end of the interval) 
at either 4, 10, 30, or 50 seconds delay. The results 
suggest the following conclusions. 
1. The absence (Condition 1) or presence (Condi-
tion 11) of a discrete auditory stimulus at the end of 
the delay interval produce significant differences in be-
havior during this interval. 
A. The latency of the initial food panel re-
s ponse to sDl (stimulus present throughout the delay in-
terval) is shorter for Condition 1 than Condition 11 at 
all but the 50 second delay intervals. 
B. The rate of food panel responding during the 
delay interval is higher for Condition 1 than Condition 
11 at all but the 50 second delay interval. 
2. The absence of sD2 , Conditions 1 and 11 
108. 
respectively 1 does not result in significant differences 
in the performance of response antecedent to the delay 
interval at any delay interval. 
A. The latency of lever pressing 1 days 16,17, 
and the rate of lever pressing, do not show any signifi-
cance for Condition 1 vs. Condition 11 at any of the delay 
intervals. 
3. Differences in the delay interval produce sig-
nificant differences in fo od panel responses during this 
interval. 
A. The latency of food panel pres s ing to SDl 
onset is a positive function of the length of the delay 
interval for both Conditions 1 and 11. 
B. The rate of sDl food panel pressing duri ng 
the delay interval is a negative function of the length 
of the delay interval for both Conditions 1 and 11. 
These differences 1 with the exception of 30 vs. 50 second 
delay groups for both Conditions 1 and 11 1 are significant 
at the p ~ o.o5 level. 
4• Differences in the delay i nterval produce sig-
nificant differences in responses antecedent to tthe delay 
interval. 
A. Lever press latency, days 16, 17, is a posi-
tive function of the length of t h e delay interval. Th ese 
differences 1 with the exception of the 30 vs. 50 seconds 
delay groups, are significant at the p ~ 0.05 level for 
109. 
the combined Conditions 1 and 11 groups. 
B. Lever press rate, days 18-20, is a negative 
function of the length of the delay interval. These dif-
ferences, with the exception of the 4 vs. 10 second delay 
groups, are significant at the p ~ 0.05 level for the 
combined Conditions 1 and 11 groups. 
APPENDICES 
APPENDIX 1 
Three Day Median Number of Lever Presses for 
Each Animal, Days 6-8 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
Animal Nedian Range Median Range Median Range 
1 1 o-8 10 8-36 25 14-35 
2 15 15-16 55 46-62 22 15-39 
3 15 11-38 3 2-32 2 0-3 
4 1.5 12-54 3 0-18 0 0-0 
5 50 34-65 22 15-29 29 4-36 
6 1 0-2 0 0-1 9 6-16 
Condition ll 
Click 
Delay Interval in Seconds 
4 10 30 
Animal Median Range Median Range Median Range 
1 8 7-16 17 2-28 30 14-33 
2 5 3-9 38 20-.51 3 2-4 
3 22 18-40 3 2-32 2 0-8 
4 27 18-30 2 0-4 26 20-31 
5 20 13-37 21 19 ... 31 20 20-30 
6 5 3-9 41 35-50 0 3 
111. 
50 
Median Range 
5 3-8 
3 1-3 
13 4-20 
7 5~14 
50 5o-58 
1 1-1 
50 
Nedian Range 
55 54-63 
16 15-34 
2 1-13 
9 4-13 
1 0-4 
1 0-3 
Day 
16 
Trial 
·1-4 
5-8 
9-12 
12-16 
16-20 
Day 
17 
·1-4 
5-8 
9-12 
13-16 
16-20 
Day 
16 
Trial 
1-4 
5-8 
9-12 
12-16 
16-20 
Day 
17 
1-4 
5-8 
9-12 
13-16 
16-20 
APPENDIX 2 
·Median Lever Press Latencies in Seconds 
for Each Animal for Day 16 and 17 -
in Groups of 4 Trials 
Condition 1 
No Click 
Delay Interval in Seconds 
4.0 
12.69 
8.60 
5.39 
4.83 
4.16 
4.15 
4.89 
4.69 
5~36 
4.36 
10.0 30.0 
25.21 
21.89 
14.01 
2:3.45 
14.61 
10.88 
6.60 
7.04 
7.40 . 10.50 
5~11 
6~52 
7~81 
·6.1'7 
5.36 
Condition 11 
Cliok 
17.11 
19.84 
12.67 
15.82 
9.'75 
Delay Interval in Seconds 
4.0 
11.28 
8.-51 
5.57 
5.01 
5.27 
5~91 
6.41 
6.30 
4.35 
4.06 
10.0 
11.68 
6.97 
7~53 
6.30 
6.02 
6.69 
13~48 
7.27 
'6.95 
5.04 
30.0 
28.19 
22~23 
14~34 
12.98 
15.11 
13.13 
9.30 
10~01 
10~26 
9.08 
50.0 
28.17 
23.05 
15.37 
21.12 
18.89 
19.02 
20.12 
17.12 
16.27 
10.98 
50.0 
30.01 
22.50 
15~01 
14.83 
15.21 
15.11 
15.01 
12.18 
11.85 
10.23 
112. 
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113. 
APPENDIX 3 
Median of Daily Lever Press Rate fori:ridividual 
Animals, Days 18-20 -- R's/min. 
Conditfon 1 
No click 
Delay Interval in Seconds 
4.0 10.0 . 30.0 
Median Range Median Rfil.nge 
50.0 
Me.dian Range 
1 9.16 7.89 8.29 7.84 3.63 2.53 2.51 1.92 
9.65 9.23 3.68 2.69 
2 9.36 9.04 " 9.75 7;29 5.56 4~17 2.85 2.31 
10.06 10.00 7.61 ~.00 
3 9.74 7~65 6.28 &~09 2.42 2.34 2.38 1.59 
10.93 6.44 3.03 3.00 
4 10.88 9.14 8.08 7~79' 3.76 3;.29: 4.03 1.94 
12.37 9.13 4.27 4·.96 
5 ~.03 5~65 6.60 6.25 6.28 4.59 3.35 3.00 
7.57 6.62 6~69 3.90 
6 4.11 3;.23 5.96 5~04 ' 2.36 2.10 3.17 2.82 
4.83 7.27 2.71 4.71 
Animal 
1 
Condi.tion 11 
Click 
Delay Interval in Seconds 
4.0 
Median Range 
6.35 6~32 
7.24 
10.0 
Me~iian ~_a:nge 
6.56 6.56 " 
.8.00 
30.0 
Median Ra11ge 
2.75 2;.05 
3~56 
2 11.44 10~74 6.11 5~42 5.78 5.75 
13.75 7.31 6.72 
3 13.46 13.16- 10.72 9.08 3.41 3.06 
14.96 13.30 3.93 
4 9.44 8.84 . 5.14 5.·10 6.89 5 ".82 
10.81 6.00 7.58 
5 4.07 3.70 9.81 8.68 4.00 2.76 
4.43 9.84 4.82 
6 6.18 5.38 10.33 6.83 4.04 3.60 
6.60 10.72 4.38 
50.0 
Med.ian Range 
2.41 2;.19 
4.91 
2.52 2.52 
3.31 
2.27 1.95 
2.62 
1.92 1.59 
2.41 
2.75 2.12 
4.73 
2.00 1.95 
4 •. 14 
4 
1 . 16.66 
2 10.66 
3 7.67 
4 18.83 
5 17.00 
6 19.50 
4 
1 15.33 
2 16.66 
3 5.43 
4 6.86 
5 18.00 
6 1.61 
APPENDIX 4 
sDl Panel Press Rates for 
Individual Animals, Day 10 -
R' s/min. 
Condition 1 
No click 
Delay Interval in Seconds 
10 30 
16.80 6.80 
7.83 6.10 
19.25 11.50 
17.50 16.10 
12.50 14.8 
11.25 3.29 
Condition 11 
Cliok 
Delay Inter"Val in Seconds · 
10 30 
8.57 10.40 
3.82 19.20 
12.16 2.31 
2.'77 12.50 
9.'75 15.50 
4.'75 2.30 
114. 
50 
19.32 
6.89 
10.82 
12.50 
11.11 
6.66 
50 
5.65 
13.35 
3.26 
27.29 
14.44 
5.72 
115. 
APPENDIX 5 
Median of Daily sD Panel Press Rates for Individual 
Animals, Days 18-20 -- R 1 s/min. 
Condition 1 
No click 
Animal Delay Interval in Seconds 
4 10 30 
Median Range Median Range Median Range 
1 88.0 64.0 44.8 43.8 43.5 40~9 
89.5 51.4 45.5 
2 88.5 '74.5 61.6 5'7.2 26.6 24.6 
92.5 68.0 28.3 
3 60.0 60.0 60.6 58.0 3'7.2 31.4 
'71.0 '71.0 76.0 3'7.4 
4 55.0 46.1 68.0 55.0 49.1 48.6 
'76.0 75.2 51.9 
5 111.5 94.5 59.0 54.0 39.'7 37.0 
115.0 62.0 42.8 
6 91.0 89.5 46.6 38.8 16.6 15.9 
91.0 4'7.6 22.0 
Condition 11 
Click 
Animal Delay Interval in Seconds 
4 10 30 
Median Range Median Range Median Range 
1 3'7.0 36.0 29.4 2'7.8 23.4 23.4 
46.5 32.6 2'7.8 
2 83.0 81.0 36.2 30.2 56.5 48.1 
85.0 41.6 60.5 
3 '71.5 '70.0 43.4 36.0 . 18.9 16.5 
73.5 50.4 20.9 
4 48.0 44.0 40.8 40.0 19.8 18.9 
50.5 42.2 24.'7 
5 54.5 50.5 48.4 44.8 21.3 16.1 
5'7.5 49.6 22.4 
6 39.0 30.0 33.0 28.2 24.8 18.'7 
41.50 47.6 25.8 
50 
Median Range 
32.2'7 31.81 
39.52 
32.46 30.39 
36.04 
4'7.19 46.42 
47.54 
44.09 38.88 
44.08 
39.16 33.85 
40.00 
7.21 6.50 
9.89 
50 
Median Range 
8.65 '7.19 
11.50 
35.58 33.44 
41.58 
26.62 18.69 
30.58 
43.88 41.0 
52.54 
43.85 40.42 
50.38 
12.41 11.50 
15.31 
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APPENDIX 6 
Median of Daily sD Panel Press Latencies, 
Days 18-20, in Seconds 
Condition 1 
No click 
Animal Delay Interval in Seconds 
4 10 30 50 
Median Range Median Range Median Range Median Range 
1 1.10 1.09 1.'76 1.58 3.89 2.34 7.49 4.73 
1.29 2.14 4.52 9.76 
2 2.43 1.96 3.'49 3.45 8.64 6.97 11.04 10.65 
2.62 3.49 9.80 11.93 
3 1.95 1.82 2.36 2.35 7.55 6.83 '7.95 '7.64 
1.97 2.61 8.30 8.59 
4 2.24 1.82 2.45 2.21 6.24 5.42 7.14 6.70 
2.46 2.64 6.79 8.06 
5 1.19 0.89 3.97 3.41 4.95 4.82 '7.50 '7.25 
2.15 4.00 5.'76 8.6'7 
6 1.11 1.03 2.38 2.30 5.52 4.51 8.77 8.15 
1.56 2.'75 5.93 9.79 
Condition 11 
Click 
Animal Delay Interval in Seconds 
4 10 30 50 
Median Range Median Range Median Range Median Range 
1 3.05 2.94 2.05 1.5'7 10.65 8.24 10.26 9.39 
3.09 2.52 11.50 12.04 
2 1.'79 1.64 4.12 '4.09 5.00 4.78 4.50 2.94 
1.89 5.54 5.34 6.34 
2.16 2.01 3.38 3.07 ' 9.58 '7.24 11.15 11.14 
2.26 4.03 9~85 19.24 
4 2.49 1.44 2.'74 2.'71 5.87 5.54 3.92 3.08 
2.98 3.66 8.43 6.07 
5 0.91 0.83 2.54 2.43 6.80 5.51 6.19 3.98 
0.91 2.94 7.26 9.53 
6 2.46 1.88 4.06 2.94 8.46 6.29 . 5.05 3.27 
3.01 5.09 9.07 5.33 
Animal 
1 
2 
3 
4 
5 
6 
Animal 
1 
2 
3 
4 
5 
6 
APPENDIX 7 
Mean sD Panel Press Latencies, 
Day 10, in Seconds 
Condition I 
No click 
Delay Interval in Seconds 
4 10 30 
1.83 2.36 7.1'7 
1.16 '5.19 15.19 
2.44 3.64 '7.50 
0.93 6.67 6.22 
2.67 3.95 9.01 
2.01 4.61 10.87 
Condition 11 
Click 
Delay Interval in Seconds 
4 10 30 
2.64 3.94 8.9'7 
1.89 4.51 3.09 
2.22 4.79 15.51 
2.21 6.31 4.26 
1.31 5.46 4.08 
3.26 6.34 13.52 
117. 
50 
7.15 
9.69 
5.50 
5.93 
5.91 
11.41 
50 
8.'79 
7.25 
16.'74 
'7.35 
9.38 
20.23 
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APPENDIX 8 
Median of daily Mean sD Panel Press 
Late:ncies, Days 11-13, in Seconds 
Condition 1 
Animal No oliek 
Delay Interval in Seconds 
4 10 30 50 
Median Range ~edian Range Median Range Median Range 
1 1.59 0.94 2.89 1.96 5.69 4.19 3.00 2.66 
2.06 3.65 11.88 6.84 
2 1.88 1.86 3.83 3.29 4.85 2.89 5.42 2.85 
2.43 3.99 6.38 8.21 
3 2.73 2.26 3.51 2.07 2.52 2.08 4.15 3.49 
2.90 3.55 8.24 5.72 
4 1.16 0.9'7 3.34 3.33 3.66 3.22 6.57 6.33 
2.22 4.64 4.'75 12.32 
5 1.94 1.93 4.14 1.89 5.85 5.68 3.51 3.38 
2.20 4.84 6.23 7.94 
6 2.13 1.74 3.61 2.64 3.49 1.94 9.01 7.55 
2.50 4.53 9.13 9.39 
Condition 11 
Animal Click 
Delay Interval in Seeonds 
4 10 30 50 
~edian Range Median Range Median Range Median Range 
1 2.62 2.47 3.98 3.04 8.98 5.00 12.83 5.77 
3.07 5.85 10.11 18.95 
2 1.82 1.58 6.14 5.89 5.68 4.16 6.18 3.69 
2.00 6.17 8.96 12.90 
3 2.23 1.53 3.95 2.65 17.14 13.06 16.12 13.57 
2.42 5.00 18.68 26.88 
4 2.15 1.47 4.19 3.81 8.'79 4.05 3.30 2.41 
2.56 4.55 10.09 7 .57 
5 1.09 0.88 3.79 3.33 4.88 4.14 10.85 9.64 
1.31 5.08 5.99 12.46 
6 2.67 2.61 3.76 1.95 9.72 7.07 10.08 9.71 
3.63 4.66 10.59 10.13 
· Animal 
/;1 
• 2 
3 
4 
5 
6 
Animal 
1 
2 
3 
4 
5 
6 
APPENDIX 9 
gdelta Panel Press Rates for 
Individual Animals, Day 10 -
R 's/min. 
Condition 1 
No click 
Delay Interval in Seoonds 
4 10 30 
! 
19.17 14.00 10.00 
9.70 '7.13 6.0'7 
14.87 16.43 12.87 
18.30 18.60 1'1.43 
9.40 '1.30 13.'70 
'7.50 6.80 2.43 
Condition 11 
Click 
Delay Interval in Seconds 
4' 10 { 30 
12.66 11.60 11.11 
16.10 22.47 18.'77 
11.03 14.9'7 2.42 
8.94 11.63 7.63 
9.47 ~.70 13.80 
6.44 3.77 3.47 
119. 
50 
16.70 
9.03 
10.66 
12.50 
10.00 
7.33 
5'0 
5.83 
10.87 
5.63 
21.00 
11.43 
7.13 
APPENDIX 10 120. 
Median of Daily sdelta Panel Press Rates for 
Individual Animals, Days 18-20 - R 1 s/sec. 
Condition 1 
Animal No click 
I 
Delay Interval in Seconds 
· 4 10 30 50 
Median Range Median Range Median Range Median Range 
1 4.04 3.'7'7 . 3.'73 2.32 1.'72 1.02 3.80 3.69 
4.0'7 5.36 1.95 7.08 
2 1.87 1.76 4.50 4.12 3.24 2.92 1.06 0.69 
3.48 6.52 3.49 1.40 
3 2.89 2.58 2.24 1.48 4.14 2.77 3.92 3.15 
3.00 3.40 4.87 10.29 
4 5.00 4.59 4.82 3.82 '7.34 6.86 5.00 2.98 
6.48 4.96 9.29 9.12 
5 5.00 2.89 4.44 4.05 5.04 4.73 2.83 1.97 
5.82 5.55 6.53 6.'72 
6 0.94 0.89 3.92 1.'75 1.69 0.86 0.93 0.55 
1.00 4.~n 2.21 1.69 
Condition 11 
Animal Click 
Pelay Interval in Seconds 
4 ,10 30 50 
M~dian Range :Median Range Median Range Median Range 
1 2.77 2.00 4.48 4.3'7 3.07 1.41 2.16 2.06 
2.80 5.00 4.00 3.42 
2 3.33 2.92 3.26 2.9'7 . 6.18 5.14 6.29 5.37 
5.63 5.7'7 7.74 9.44 
3 6.16 4.96 5.42 3.87 1.36 1.27 1.16 1.14 
6.68 7.32 2.00 2.82 
4 3.04 2.44 4.59 2.41 1.19 1.1'7 6.38 5.26 
3.28 4.59 2.15 11.76 
5 3.63 3.33 2.96 2.75 4.9'7 4.3'7 6.18 6.06 
4.40 5.38 5.09 7.24 
6 1.52 1.50 2.80 1.50 2.45 2.3'7 5.10 1.'76 
1.53 2.94 2.54 5.29 
121. 
APPENDIX 11 
Median of Daily gdelta Panel Press Rates for 
Individual Animals, Days 11-13 - R' s/min. 
Condition 1 
No olick 
Animal Delay Interval in Seconds 
4 10 30 50 
Median Range Median Range Median Range Median Range 
1 9.10 3.'78 '7.9'7 3.03 6.05 2.03 7.85 4.56 
11.23 18.38 6.91 16.24 
2 3.10 2.26 4.77 2.43 2.'78 1.55 . 7.'79 2.68 . 
6.65 11.42 5.0'7 '7.8'7 
4.28 2.14 8.42 3.69 13.62 5.58 15.29 6.35 
6.51 11.42 1'7.80 18.25 
4 15.95 4.33 6.60 3.65 15.50 9.28 ,8.22 6.56 
24.96 13.11 21.30 11.20 
5 5.1'7 2.88 9.24 3.45 10.14 6.51 14.09 '7.08 
13.85 11.46 20.44 18.22 
6 5.36 1.83 6.23 2.05 4.96 2.0'7 3.46 2.95 
11.3'7 8.4'7 8•52 5.60 
Condition 11 
Animal Cliek 
Delay Interval in Seconds 
4; 10 30 50 
M~dian R·ange Median Range Median Range Median Range 
1 3.58 3.23 6.05 3.16 4.33 3~59 2.66 2.36 
4.48 8.24 6.'76 5.20 
2 '7.66 3.56 2.20 1.99 '7.28 2.86 5.70 4.28 
10.89 6.91 9.64 11.09 
11.30 5.34 '7.02 4.85 1.98 1.'71 2.84 1.30 
11.30 12.58 4.22 2.95 
4 3.65 1.59 6.7'7 3.8'7 3.30 2.59 26.02 8.77 
'7.29 '7.83 6.91 26.64 
5 4.02 3.35 4.26 2.11 3.12 2.63 '7.02 5.19 
8.75 6.51 8.0'7 8.'73 
6 4.31 1.99 3.32 2.32 4.32 3.48 4.02 3.13 
6.32 5.03 4.83 5.38 
APPENDIX 12 
Median of Daily Sdelta/SD Sdelta Panel Pressing 
Ratios for Individual Animals~ Days 18-20 
Condition 1 
No click 
Delay Interval in Seconds 
4 10 30 
122. 
50 
Animal Median Range Median Range Median Range ·Median Range 
1 0.051 0.043 0.078 0.043 0.040 0.023 0.105 0.085 
0.060 0.107 O.Ottl 0.182 2 0.019 o0?8~8 o.o63 0.012 0.105 0.09 0.032 0.022 0.102 0.109 0.037 
3 0.041 0.035 0.029 0.024 0.069 0.069 0.076 0.074 
0.048 0.055 0.116 0.179 
4 0.077 0.062 0.066 0.068 0.130 0.119 0.114 0.063 
0.123 0.083 0.152 0.171 
5 0.043 0.029 0.069 0.061 0.113 0.105 0.077 0.047 
0.048 o. 0.141 0.147 
6 0.010 0.010 o.o88 0.04~ 0.091 0.051 0.114 0.078 
0.010 o.o 8 0.092 0.146 
Condition 11 
Click 
Delay Interval in Seconds 
Animal Median Range Median Range Median Range Median Range 
1 o.o55 0.053 0.132 0.118 0.099 0.059 0.230 0.192 
0.070 0.152 0.146 0.234 
2 0.038 0.035 0.097 0.067 0.104 0.097 0.158 0.131 
0.064 0.137 0.113 0.185 
3 0.077 0.066 0.090 0.076 0.076 0.057 0.042 0.036 
0.085 0.144 0.096 0.131 
4 0.059 0.053 0.058 0.056 0.058 0.046 0.137 0.127 
0.061 0.098 0.098 0.183 
5 0.067 0.058 0.058 0.058 0.186 0.170 0.126 0.121 
0.072 0.098 0.236 0.133 
6 0.038 0.035 0.058 0.051 0.090 0.089 0.257 0.133 
0.048 0.078 0.112 0.287 
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ABSTRACT 
This experiment was designed to investigate the 
relationship of delay interval behavior, food panel 
pressing, on the performance of an antecedent response, 
lever pressing. Albino rats were trained in a modified 
Skinner box with a hinged food cup panel and a removable 
lever. The delay of reinforcement gradient for lever 
pressing at 4, 10, 30, and 50 seconds delay was deter-
mined under two different delay conditions. In Condition 
1, the stimulus conditions, sDl (light on), remained 
constant throughout the delay interval. Under Condition 
11, the stimulus conditions sDl remained constant up to 
the end of the presented delay interval, and a discrete 
auditory stimulus, sD2 , signalled the end of this inter-
val. Under both conditions 1 and 11, the presentation 
of the terminal pr i mary reinforcement was contingent on 
a panel press response. 
The animals of both groups were initially trained 
on a discrimination in which panel responses were rein-
forced at the end of the delay interval in the presence 
of sDl, Condition 1, or sD and the stimulus trace of sD2 
(Condition 11). Panel responses were never reinforced 
in the absence of these stimuli, a condition which pre-
vailed on an average of 3 minutes (VI3) between trials. 
Following this training, the onset of the d~y interval 
Dl d t• t th f 1 S was ma. e con 1ngen on e occurrence o a ever press 
res ponse. Several predictions were made employing primarily 
the concepts of the relationship of the discriminative sD 
and secondary reinforcing (sr) properties of a stimulus, 
and also the relationship of panel pressing behavior dur-
ing the delay interval and lever pressing. 
The results indicated significantly shorter latencies 
and higher rates of panel pressing during the delay inter-
val for animals trained under Condit i on 1 at the different 
delays, as was predicted. On the other hand, the ante-
cedent response, lever pressing, as measured by latency 
and rate, did not show significant differences between 
Conditions 1 and 11, at the different delay intervals, 
which did not follow the original prediction of lower 
latencies and higher rates for Condition 1. 
Lever press response rate under both conditions 
showed a characteristic negatively accelerated negative 
function of the length of the delay interval, with an 
asymptote between 30 and 50 seconds. Significant dif-
ferences for all but the 30 vs. 50 second groups were 
indicated. 
sDl panel pressi ng as measured by latency to sDl 
onset and rate was respectively a positive and negative 
function of the leng th of the delay interval, as pre-
dicted. These differences, with the exception of the 
30 vs. 50 second groups under both Conditions 1 and 11 
were significant at the p ~ 0.05 level. 
The discussion centered primarily around the failure 
to find si gnificant differences in lever pressing under 
Conditions 1 and 11. The most plausible explanation was 
the possibility of the development of auxiliary behavioral 
chains during the delay interval. 
The conclusions were in large part a restatement 
of the basic data. Delay of reinforcement was shown to 
be a parameter of the performance of an antecedent re-
sponse, i.e., lever pressing, for both Conditions. The 
different conditions 1 and 11 were effective in producing 
differences in delay interval behavior, panel pressing, 
but no concomitant differences in lever performance were 
indica ted, 
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